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PATENT APPLICATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Tetsuo TANIGUCHI and Saburo KAMIYA 

Application No. : Continuation of PCT/JP98/05705 

Filed: June 15, 2000 Docket No.: 106514 

For: STAGE DEVICE AND EXPOSURE APPARATUS 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Please amend claims 12-14 as follows: 
Claim 12, line 1, delete "or 11". 
Claim 13, line 1, delete "11, or 12," 

Claim 14, line 2, change "any of Claims 10 to 13" to -Claim 10—. 
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STAGE DEVICE AND EXPOSURE APPARATUS 



BACKGROUND OF THE INVENTION 

Cross-reference 

This application is a Continuation Application of 
International Application No. PCT/ JP98/05705 which was filed 
on December 17, 1998 claiming the conventional priority of 
Japanese patent applications No. 9-364493 filed on December 18, 
1997 and No. 10-339789 filed on November 30, 1998* 

Field of the invention 

This invention relates to a stage device for positioning 
a workpiece to be machined, for example, and to an exposure 
apparatus equipped with this stage device and used in 
transferring a mask pattern onto a substrate in a lithographic 
process for manufacturing semiconductor devices, liquid 
crystal display devices, thin film magnetic heads, and so 
forth. The present invention is particularly suitable for use 
in exposure apparatus having various mechanisms such as a 
mechanism for measuring imaging characteristics. 

Description of the Related Art 

High exposure precision is required of a batch exposure 
type (stepper type) or scanning exposure type ( step-and-scan 
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type) of exposure apparatus used in the manufacture of 
semiconductor devices and the like. Accordingly, in the 
conventional exposure apparatus, a movable mirror would be 
fixed to the side surface of a reticle stage for carrying and 
positioning the reticle serving as a mask, or to that of a 
two-dimensional ly moving wafer stage for carrying the wafer 
serving as a substrate, and a measurement beam would be 
directed at this movable mirror from an interferometer such as 
a laser interferometer, the result of which was that the 
amount of movement of the stage was continuously measured at 
all times, and the positioning of the stage could be carried 
out at high precision on the basis of the measured values. 
Usually, with such a stage device, interferometers on three 
axes have been used to measure displacement in three degrees 
of freedom, consisting of the two-dimensional movement 
component and the rotation component of the movable stage. 

With such a conventional stage device, however, 
measurement beams from the respective interferometers had to 
be constantly directed at the movable mirror in all regions of 
the maximum movement range (movable range) of the movable 
stage, and because of this, the movable mirror had to be made 
larger than the movable range so that it would continue to 
reflect the measurement beams from the interferometers even if 
the movable stage moved. 
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Consequently, a large movable mirror was needed if the 
movable range of the movable stage was to be expanded, and 
this inevitably led to the overall size of the stage being 
larger, which was a problem in that the stage was heavier and 
therefore more difficult to move quickly. Also, machining a 
large movable mirror to the required degree of flatness 
entails tremendous technical difficulty, and fixing the 
movable mirror to the side of the movable stage without 
causing the mirror to bend also presents daunting technical 
difficulty, unfortunately, a decrease in the flatness of the 
movable mirror translates directly into a decrease in 
positioning precision of the stage by interferometer, so 
ultimately there is no choice but to limit the movable range 
of the movable stage. 

A stage device intended to solve this problem is 
disclosed in Japanese Patent Application Laid-Open No. 7-253304, 
for example. With this disclosed stage device, the number of 
interferometers used is greater (such as four axes) than the 
number of degrees of freedom in the displacement of the 
movable stage (such as three degrees of freedom), which allows 
the freedom of movement of a given stage to be measured by the 
remaining interferometers even if the measurement beam from 
one interferometer should be outside the measurement range of 
the movable mirror. Once the movable mirror moves back into 
the measurement range of this one interferometer that misses 



the movable mirror, the measurement values from the remaining 
interferometers are set as the initial value for this one 
interferometer, which allows the amount of movement of the 
movable stage to be measured by this one interferometer, and 
makes the movable mirror smaller than the movable range of the 
movable stage. 

Also, with these conventional exposure apparatus, the 
exposure always has to be performed with the proper amount of 
exposure light and with the imaging characteristics maintained 
in a favorable state, so a measurement apparatus for measuring 
the state of exposure light irradiation and the like or for 
measuring the imaging characteristics, such as the projection 
magnification, is provided to the reticle stage on which the 
reticle is positioned or to the wafer stage on which the wafer 
is positioned. Examples of a measurement apparatus provided 
to a wafer stage include an irradiation quantity monitor for 
measuring the incident energy of exposure light incident to 
the projection optical system, and a spatial image detection 
system for measuring the position, contrast, etc., of a 
projected image. An example of a measurement apparatus 
provided to a reticle stage is a reference plate on which is 
formed an index mark used for the imaging characteristic 
measurement of the projection optical system. 

With the above-mentioned conventional exposure apparatus, 
a measurement apparatus provided to the reticle stage or the 
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wafer stage was used to achieve the proper amount of exposure 
and to maintain higher imaging characteristics. Nevertheless, 
today's exposure apparatus also need to increase the 
throughput (productivity) of the exposure process in the 
manufacture of semiconductor devices and the like- Ways of 
increasing throughput include increasing the exposure energy 
per unit of time, and raising the drive speed of the stage so 
as to shorten the stepping time with a batch exposure type or 
shorten the stepping time and the scanning exposure time with 
a step-and-scan type. 

To thus increase the drive speed of the stage, a drive 
motor with a larger output is used if the size of the stage 
system is not to be changed, and conversely, to increase the 
drive speed with a drive motor of the same output as in the 
past, the stage system must be made more compact and 
lightweight. In the former case, however, the use of a drive 
motor with a larger output increases the amount of heat 
generated from the drive motor. This increase in the amount 
of heat causes subtle thermal deformation in the stage system, 
which could conceivably preclude obtaining the high positional 
precision required of the exposure apparatus. In view of this, 
the latter case, namely, making the stage system as compact 
and lightweight as possible, is the preferable way to increase 
drive speed. 
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Particularly with a step-and-scan type of exposure 
apparatus, a higher drive speed shortens the exposure scanning 
time and greatly improves the throughput, and another 
advantage is that synchronization precision between the 
reticle and wafer is enhanced by making the stage system more 
compact, as are imaging performance and alignment precision. 
It is difficult, however, to make the stage more compact when 
various measurement apparatus are provided to the reticle 
stage or wafer stage as in the past. 

Furthermore, when a measurement apparatus for measuring 
the state of exposure light, imaging characteristics, or the 
like is provided to the reticle stage or wafer stage, a heat 
source such as an amp is usually attached to this measurement 
apparatus, and the temperature of this measurement apparatus 
is gradually raised by irradiation with the exposure light 
during measurement. As a result, there is the danger of 
subtle thermal deformation in the reticle stage or wafer stage 
and a deterioration in positioning precision, alignment 
precision, and so on- At present, the deterioration in 
positioning precision and the like caused by the elevated 
temperature of a measurement apparatus is slight, but as the 
circuit patterns of semiconductor devices and so forth become 
even finer in the future, the need to minimize the effect of 
high measurement apparatus temperatures is expected to grow. 
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In regard to this, the length of the movable mirror can 
be reduced compared to the movable range of the movable stage 
by using the stage device disclosed in the above-mentioned 
Japanese Patent Application Laid-Open No. 7-253304, but this 
contributes little to making the movable stage itself more 
compact. Therefore, another way is needed to improve 
throughput in the exposure step and reduce the effect of the 
irradiation heat of the exposure light. 

In addition to improving throughput, there is also a need 
to improve resolution, depth of focus (DOF), line width 
control precision, and so forth with an exposure apparatus, 
and particularly a projection exposure apparatus. When the 
exposure wavelength is X and the number of apertures in the 
projection optical system is N.A., then the resolution R is 
proportional to X/N.A. , and the depth of focus DOF is 
proportional to X/(N.A.)'. Accordingly, merely reducing the 
exposure wavelength k and increasing the number of apertures 
N.A. in order to increase the resolution R (make the value of 
R smaller) results in a depth of focus DOF that is too small. 

This necessitates the formation on the wafer of a pattern 
that combines a periodic pattern, such as a line and space 
(L/S) pattern, with an independent pattern, such as a contact 
hole (CH) pattern, in order to manufacture a device. As to 
periodic patterns, for instance, a technique for increasing 
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resolution by narrowing the depth of focus by the so-called 
modified illumination method has recently been developed, as 
disclosed in Japanese Patent Application Laid-Open No, 4-225514. 
The phase shift reticle method has also been developed. 
Similarly, regarding independent patterns, a technique has 
been developed for substantially increasing depth of focus and 
the like by a method such as controlling the coherence factor 
of the illuminating light. 

in light of these technological trends, double exposure 
is being given a second look as a method for increasing 
resolution substantially without making the depth of focus too 
deep. Specifically, when the double exposure method is 
applied, the reticle pattern used for a certain layer is split 
into a plurality of reticle patterns according to the type in 
question, and each pattern is exposed under its own optimal 
illumination and exposure conditions, which results in an 
overall broad depth of focus and a high resolution. Recently, 
this double exposure method has been applied to a projection 
exposure apparatus in which a KrF excimer laser or an ArF 
excimer laser is used as the exposure light, and there have 
been attempts at exposing a pattern for a device including an 
L/S pattern with a line width down to just 0.1 pm. 

However, when this double exposure method is applied to a 
projection exposure apparatus having a single wafer stage, the 
alignment, exposure, and other such steps have to be 
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repeatedly carried out in series, which is a drawback in that 
throughput suffers markedly. In view of this, there has been 
proposed a projection exposure apparatus with which alignment 
and exposure can be carried out in parallel. However, when a 
plurality of wafer stages are thus provided, if an attempt is 
made to measure the positions of the movable stages of the 
wafer stages with a single interferometer, then the 
measurement beam of the corresponding interferometer will be 
interrupted when the movable stages move a considerable 
distance, so when the various movable stages are positioned at 
the exposure position alternately, for example, it is 
difficult to position the movable stages quickly and with good 
reproducibility . 

in light of the above, it is a first object of the 
present invention to provide a stage device having a plurality 
of functions, wherein the moving components are made smaller 
while still allowing these plurality of functions to be 
executed, so that these moving components can be moved quickly 
and their positions can be measured at high precision and with 
good reproducibility. 

It is a second object of the present invention to provide 
a stage device with which the moving components can be quickly 
moved to their respective target positions with good 
reproducibility when a plurality of moving components are 
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provided so that double exposure or another such method can be 
performed. 

It is a third object of the present invention to provide 
an exposure apparatus equipped with such a stage device, with 
which the moving components for positioning the reticles or 
wafers can be made smaller while preserving the function of 
measuring the characteristics in the transfer of the reticle 
patterns, the imaging characteristics of the projection 
optical system, or the like. 

It is a fourth object of the present invention to provide 
an exposure apparatus equipped with such a stage device, with 
which double exposure or another such method can be performed 
at a high throughput. 

It is a fifth object of the present invention to provide 
a positioning method with which positioning can be carried out 
quickly using a stage device such as this. 

It is a sixth object of the present invention to provide 
a stage device with which position measurement can be 
performed at high precision by interferometer method over a 
range wider than the movable mirror (or equivalent mirror 
surface), and as a result, the moving components can be made 
more compact, as well as an exposure apparatus equipped with 
this stage device, and a positioning method that makes use of 
this stage device. 
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It is a further object of the present invention to 
provide a method for manufacturing a device using the above- 
mentioned exposure apparatus. 



SUMMARY OF THE INVENTION 



The first stage device according to the present invention 
comprises a plurality of movable stages (WST, 14) disposed on 
a specific movement plane so as to be movable independently of 
each other; a first measurement system (15X1, 15X2, 15Y) which 
measures within a predetermined measurement range a position 
of one of the plurality of movable stages; and a second 
measurement system (16, 17A, 17B) which measures an amount of 
positional deviation of each of the plurality of movable 
stages from a predetermined reference position within the 
predetermined measurement range, or the degree of coincidence 
of each of the plurality of movable stages with respect to 
this reference position; wherein a measurement value obtained 
with the first measurement system is corrected on the basis of 
a measurement result of the second measurement system. 

With this first stage device of the present invention, 
when a plurality of functions such as exposure and 
characteristic measurement are to be executed, a plurality of 
movable stages (moving components) are provided, each of which 
is allocated to a different function (or group of a plurality 
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of functions) of the functions. This allows each movable 
stage to be smaller, so it can be moved more quickly- However, 
if a plurality of movable stages are merely provided, and a 
relative displacement measurement system such as a uniaxial 
laser interferometer is provided as the first measurement 
system, then the measurement beam of the laser interferometer 
will be interrupted if each movable stage moves a considerable 
distance, so some kind of starting point setting operation is 
required. In view of this, with the present invention a 
second measurement system (16, 17A, 17B) is provided as a kind 
of absolute value measurement system. 

When one movable stage (WST) among the plurality of 
movable stages enters the measurement range of the first 
measurement system from outside this measurement range, the 
amount of positional deviation of that movable stage from a 
predetermined reference position within the predetermined 
measurement range, or the degree of coincidence with respect 
to this reference position, is measured by the second 
measurement system, and this positional deviation, for example, 
is preset to the measurement value obtained with the first 
measurement system, so that the measurement value obtained 
with the first measurement system correctly indicates the 
position of this movable stage in a form with good 
reproducibility. Or, when the second measurement system 
measures the degree of coincidence (such as the coincidence of 
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two random patterns), if this degree of coincidence is over a 
specific level, the measurement value of the first measurement 
system is reset, or is preset to a specific value. As a 
result, the movable stages are positioned at high precision, 
quickly, and with good reproducibility. 

The second stage device according to the present 
invention comprises a plurality of movable stages (WSTl, WST2) 
disposed in a specific movement plane so as to be movable 
independently of each other, and a first measurement system 
(87Y3) which measures within a predetermined first measurement 
range the position of one of the plurality of movable stages, 
wherein this stage device further comprises a second 
measurement system (87Y2, 87Y4) which continuously measures 
the positions of the plurality of movable stages within a 
predetermined second measurement range partially overlapping 
the first measurement range, and a control system (38) which 
corrects the measurement results of the first and second 
measurement systems on the basis of the measurement results of 
these two measurement systems. 

With this second stage device of the present invention, a 
plurality of stage devices (WSTl, WST2 ) are provided in order 
to perform double exposure, for example. As a result, if a 
uniaxial laser interferometer is used as a relative 
displacement measurement system, for example, then the 
measurement beam of this laser interferometer will miss its 



mark if the movable stage should move a considerable distance, 
so the problem is how to position the movable stages in a 
reproducible form. The present invention deals with this by 
using the uniaxial (or multiaxial) laser interferometer 
serving as the relative displacement measurement system as the 
first measurement system as well. Then, when one of the 
plurality of movable stages enters the second measurement 
range from the first measurement range, for example, the 
position of that movable stage is simultaneously measured by 
the first and second measurement systems, the measured value 
of the first measurement system is corrected according to the 
angle of rotation of that movable stage, and this corrected 
value is preset to the measured value of second measurement 
system, which transfers the measured value of the first 
measurement system to the second measurement system. 
Thereafter, that movable stage can be positioned at high 
precision and with good reproducibility using this second 
measurement system . 

In this case, the first and second measurement systems 
may use the degrees of interference (integer) Nl and N2 and 
the phases (rad) ^1 and ^2 (with a heterodyne interference 
method these correspond to the phase difference between a 
reference signal and the measurement signal, for instance), 
and the function f (X) of the wavelength X of the measurement 
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beam^ to measure the position of a movable stage in the form 
of f(X){Nl + <^l/(2n)} and f(X){N2 + ({>2/(2jt)}. When measurement 
with the second measurement system is possible and the 
position of a movable stage is measured simultaneously by the 
first and second measurement systems, it is preferable to 
estimate the degree of interference N2 ' and the phase 4*2 ' of 
the second measurement system from the measured values of the 
first measurement system and the angle of rotation of the 
movable stage, and to determine the preset value of the degree 
N2 of the second measurement system from the degree N2 * , the 
phase <t>2 ' , and the phase ^2 measured by the second measurement 
system. From there on, the measured value of the second 
measurement system is treated as f(>v){N2 + ^2/(2jc)}, so even 
if there is a certain amount of discrepancy in the measurement 
of the angle of rotation of the movable stage, the position of 
that movable stage can be measured at the reproducible 
precision inherent to the second measurement system. The 
function f (X) is X/m, using an integer m of at least 2 as an 
example . 

The first exposure apparatus according to the present 
invention is an exposure apparatus equipped with the stage 
device of the present invention, wherein masks (Rl and R2 ) on 
which mutually different patterns are formed are placed on a 
plurality of movable stages (RSTl and RST2) of this stage 
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device, and the patterns of the masks on this plurality of 
movable stages are alternately transferred to a substrate (Wl) 
while positioning is being performed. 

With this first exposure apparatus of the present 
invention, exposure can be performed using the double exposure 
method, and resolution and depth of focus can be increased. 
Also, because the stage device of the present invention is 
used, if the position of a movable stage is to be measured by 
laser interferometer, for instance, the movable mirror 
installed on that movable stage can be smaller than the 
movable range of the movable stage, and this allows the 
movable stage to be lighter. It is therefore easier to move 
the movable stage quickly, and this affords a higher 
throughput . 

The second exposure apparatus according to the present 
invention is an exposure apparatus equipped with the stage 
device of the present invention, in which a mask (R) is placed 
on a first movable stage (RST) of a plurality of movable 
stages (RST, 5) of this stage device, a characteristic 
measurement apparatus (6) which measures the characteristics 
in the transfer of a pattern of the mask is placed on a second 
movable stage (5), and the pattern of the mask (R) is 
transferred onto a substrate (W) . 

With this second exposure apparatus of the present 
invention, the first movable stage (RST) originally used for 



exposure is given the minimum function needed for exposure^ 
which allows this first movable stage to be kept to the 
minimum required size, so the stage can be more compact and 
lightweight, and throughput can be increased. Meanwhile, the 
characteristic measurement apparatus (6) for measuring 
characteristics in the transfer of the pattern of the mask (R) , 
which is not directly required for exposure, is mounted on a 
separate second movable stage (5), allowing characteristics to 
be measured in the transfer of the mask pattern. Also, the 
use of the stage device of the present invention allows the 
positions of a plurality of movable stages to be measured to 
high precision. 

The third exposure apparatus according to the present 
invention is an exposure apparatus equipped with the stage 
device of the present invention, in which substrates (Wl and 
W2) are mounted on a plurality of movable stages (WSTl and 
WST2) of the stage device, and the plurality of substrates are 
alternately exposed with mask patterns while the plurality of 
movable stages are alternately positioned at the exposure 
position. 

With this third exposure apparatus of the present 
invention, while the exposure is being carried out with one 
movable stage (WSTl) out of the plurality of movable stages 
(WSTl and WST2), substrates can be conveyed in and out and 
aligned with the other movable stage (WST2), which increases 
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throughput- Also, the use of the stage device of the present 
invention allows the positions of the plurality of movable 
stages to be measured to high precision. 

The fourth exposure apparatus according to the present 
invention is an exposure apparatus equipped with the stage 
device of the present invention and a projection optical 
system (PL), in which a substrate (W) is placed on the first 
movable stage (WST) of the plurality of movable stages (WST, 
14) of the stage device, a characteristic measurement 
apparatus (20) which measures the imaging characteristics of 
the projection optical system is placed on the second movable 
stage (14), and the substrate on the first movable stage is 
exposed with a predetermined mask pattern via the projection 
optical system. 

With this fourth exposure apparatus of the present 
invention, the first movable stage (WST) originally used for 
exposure is given the minimum function needed for exposure, 
which allows this first movable stage (WST) to be more compact 
and lightweight and increases throughput. Meanwhile, the 
characteristic measurement apparatus (20) for measuring the 
imaging characteristics of the projection optical system, 
which is not directly required for exposure, is mounted on a 
separate second movable stage (14), so imagining 
characteristics can also be measured. Also, the use of the 
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stage device of the present invention allows the positions of 
a plurality of movable stages to be measured to high precision. 

The first positioning method according to the present 
invention is a positioning method that makes use of the stage 
device of the present invention, in which when one movable 
stage (WST) out of the plurality of movable stages (WST, 14) 
enters the measurement range of the first measurement system, 
the amount of positional deviation of the movable stage from a 
specific reference position within the specific measurement 
range, or the degree of coincidence with respect to this 
reference position, is measured by the second measurement 
system, and the measurement value obtained with the first 
measurement system is corrected on the basis of the 
measurement result of the second measurement system. This 
positioning method allows the plurality of movable stages to 
be positioned at high precision easily and with good 
reproducibility . 

The second positioning method according to the present 
invention is a positioning method that makes use of the stage 
device of the present invention, in which when one movable 
stage out of the plurality of movable stages (WSTl and WST2) 
enters the first measurement range from the second measurement 
range, the position of the one movable stage is simultaneously 
measured by the first and second measurement systems, and the 
measurement result of the first measurement system is matched 



on the basis of these measurement result of the position to 
the measurement result of the second measurement system. This 
positioning method allows the plurality of movable stages to 
be positioned at high precision easily and with good 
reproducibility . 

The third stage device according to the present invention 
is a stage device comprising a movable stage (WST2) that is 
movable at a predetermined degree of freedom; an 
interferometer system which measures an amount of displacement 
of the movable stage by directing a measurement light at the 
movable stage and causing the reflected light thereof to 
interfere with a reference lights in which the interferometer 
system has a plurality of measurement axes (92Y4 and 92Y3) of 
the measurement light and is disposed such that even if one 
(92Y4) of the plurality of measurement axes should diverge 
from the movable stage, the amount of displacement can still 
be measured by the other measurement axis (92Y5); and a signal 
processing system (38) with which, when the one measurement 
axis (92Y4) changes from the state of diverging from the 
movable stage to a state of irradiating the movable stage, the 
degree of interference of this one measurement axis is 
estimated from the measurement result for the other 
measurement axis (92Y3), and the initial value of the one 
measurement axis is set on the basis of the estimated degree 
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of interference and the phase measured with the one 
measurement axis. 

With this third stage device, the surface of the movable 
stage (WST2) irradiated with the measurement light is either a 
flat mirror surface, or a flat movable mirror (movable planar 
mirror) is fixed to this irradiated surface- As to the phase 
within one fringe of the one measurement axis, when the 
initial value for this one measurement axis, with which 
reflected light from the movable mirror (or mirror surface) 
5 can once again be obtained, is set on the basis of the 
S interferometer principle whereby measurement can be performed 
ro with this one measurement axis itself, the interference degree 
O and fraction of this one measurement axis are estimated from 
2 the measured value obtained for another axis, and the initial 

value for this one measurement axis is determined on the basis 
S of the estimated interference degree and fraction and the 
phase measured for this one measurement axis (the absolute 
phase within one fringe). 

The principle involved when the present invention is 
applied to a fringe count type of laser interferometer will 
now be described. The length Lx measured with this 
interferometer is expressed by the following equation. 
Lx = (X/m) * (NX + 8x) 
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Here, Nx is the interference degree (integer), ex is the 
fraction obtained by dividing the phase <|) by 2jt, X is the 
wavelength of the interferometer, and m is the number of 
regressions of the interferometer optical path (at a single, m 
=2, at a double pass, m = 4). Because X and m are known, Nx 
is determined by counting the fringes according to the 
movement of the movable mirror, and the fraction ex within one 
fringe can be measured at a resolution of about 1/100 by 
various interpolation methods. Therefore, Lx can ultimately 
be measured at a resolution of about X/(100 • m) . In the 
above-mentioned setting of the initial value for the one 
measurement axis, Nx is unknown because the measurement beam 
has diverged from the movable mirror. Nevertheless, since the 
fraction ex (phase) can always be measured on the one 
measurement axis, if the degree N is found by calculation from 
the measured value of another measurement axis, then the 
initial value of the one measurement axis can be set at a 
precision unique to each measurement axis. 

In this case, the precision at which the measured length 
Lx is determined in setting the initial value from the other 
measurement axis should be high enough to allow the degree of 
interference Nx to be determined accurately, and in more 
specific terms should be ± X/(2m) or less. Here, if the 
interferometer system has, for example, a plurality of 
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measurement axes at a right angle to the above-mentioned 
measurement axis, the angle of rotation of the movable stage 
can be measured at high precision using these measurement axes. 
Therefore, the angle of rotation of the movable stage can be 
used to estimate the degree Nx of the one measurement axis at 
high precision from the measured value of the above-mentioned 
other measurement axis . 

The only difference when the present invention is applied 
to a heterodyne interference type of laser interferometer is 
the way the phase is measured, and everything else is 
basically the same as the fringe count method. A heterodyne 
interference method involves integrating the change in phase 
(absolute phase) of the measured interference signal (measured 
beat signal) with respect to a reference interference signal 
(reference beat signal). This absolute phase corresponds to 
the phase ^ in the fringe count method. 

Next, the positioning method that makes use of the third 
stage device of the present invention comprises estimating the 
phase of the one measurement axis from the measured value of 
the other measurement axis in the estimation of the degree of 
interference of the one measurement axis from the measured 
value of the other measurement axis; comparing this estimated 
phase to the phase measured for the one measurement axis; and 
correcting the estimated value of the degree of interference 
of the one measurement axis on the basis of this comparison 
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result. This keeps the degree of interference N from being 
incorrectly estimated by ± 1. 

The fifth exposure apparatus of the present invention is 
equipped with the third stage device according the invention, 
and positions a mask or substrate with this movable stage. 
With this exposure apparatus, the movable stage is more 
compact and can be driven at a higher speed, which increases 
the throughput of the exposure step. 

The method of the present invention for manufacturing a 
device includes a step of using one of the above-mentioned 
exposure apparatus of the present invention to transfer the 
pattern of a mask onto a substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a simplified structural diagram of a projection 
optical system in the first embodiment of the present 
invention; 

Fig. 2 is a plan view of the wafer stage WST and 
measurement stage 14 in Fig. 1; 

Fig. 3 is a plan view of the reticle stage RST and 
measurement stage 5 in Fig. 1; 

Fig. 4 is a plan view provided to describe the 
measurement of the state of exposure light or the like using 
the measurement stage 14 in the first embodiment; 
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Fig. 5 is a simplified structural diagram of a projection 
optical system in the second embodiment of the present 
invention; 

Fig. 6 is an oblique view of the positional relationship 
between the two wafer stages WSTl and WST2, the two reticle 
stages RSTl and RST2, the projection optical system PLl, and 
the alignment systems 88A and 88B in the embodiment of Fig. 5; 

Fig. 7 is a plan view of the structure of the drive 
mechanism of the wafer stage in Fig. 5; 

Figs. 8(a) and (b) are diagrams illustrating the 
measurement value setting of an interferometer as performed in 
the second embodiment of the present invention; 

Fig. 9 is a diagram illustrating the simplified structure 
of part of the signal processing system used in the 
interferometer system of the second embodiment of the present 
invention; 

Figs. 10 (a) -(c) are diagrams of an example of signal 
processing in the interferometer system of the second 
embodiment of the present invention; 

Fig. 11 is a plan view of the use of the two wafer stages 
WSTl and WST2 in the wafer exchange and alignment sequence and 
in the exposure sequence; and 

Fig. 12 illustrates the switching between the wafer 
exchange and alignment sequence and exposure sequence in Fig. 
11. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 



A preferred first embodiment of the present invention 
will now be described with reference to Figures 1 to 4 . This 
is an example of applying the present invention to a step-and- 
scan type of projection exposure apparatus. 

Figure 1 illustrates the projection exposure apparatus in 
this example. In Figure 1, exposure light IL is emitted 
during exposure by an illumination system 1 including an 
exposure light source, a beam shaping optical system, a fly- 
eye lens for making the illumination distribution uniform, a 
light quantity monitor, a variable aperture stop, a field stop, 
a relay lens system, and so forth. This light IL illuminates 
a slit-shaped illumination region of the pattern side (lower 
side) of a reticle R via a mirror 2 and a condenser lens 3. 
This exposure light IL can be excimer laser light such as KrF 
(248 nm wavelength) or ArF (193 nm wavelength), a higher 
harmonic wave from a YAG laser, an i-ray from a mercury vapor 
lamp (365 nm wavelength), or the like. The illumination 
system 1 is designed so that the variable aperture stop 
thereof can be switched to allow selection of the desired 
illumination method from among ordinary illumination methods, 
zonal illumination, so-called deformation illumination, 
illumination with a small coherence factor (a value), and the 
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like. When the exposure light source is a laser light source, 
the emission timing thereof and other such factors are 
controlled by a main control system 10 for the general control 
of the operations of the apparatus as a whole via a laser 
light power (not shown). 

The image of the pattern in the illumination region 9 
(see Figure 3) produced by illumination of this exposure light 
IL on the reticle R is reduced by a projection magnification p 
(p is 1/4, 1/5, or another such factor) via the projection 
optical system PL, and is projected onto a slit-shaped 
exposure region 12 on a water W that has been coated with a 
photoresist. In the following description, the Z axis extends 
parallel to the optical axis AX of the projection optical 
system PL, the X axis follows a non-scanning direction 
perpendicular to the scanning direction of the wafer W and the 
reticle R during scanning exposure in a vertical plane (that 
is, it goes in a direction perpendicular to the viewing plane 
of Figure 1), and the Y axis follows the scanning direction 
(that is, the direction parallel to the paper plane). 

First, the reticle R is vacuum chucked to the reticle 
stage RST, and the reticle stage RST is placed on two guides 
4A and 4B (disposed in parallel) such that it can move in the 
Y direction via an air bearing. In this example, the 
measurement stage 5 is placed on the guides 4A and 4B such 
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that it can move in the Y direction via an air bearing 
independently of the reticle stage RST, 

Figure 3 is a plan view of the reticle stage RST and the 
measurement stage 5. In Figure 3^ the reticle stage RST and 
the measurement stage 5 are placed so that they are each 
driven in the Y direction (scanning direction) by a linear 
motor or the like (not shown) along the guides 4A and 4B 
extending in the Y direction. The length of the guides 4A and 
4B is set to be greater by at least the width of the 
measurement stage 5 than the movement stroke of the reticle 
stage RST during scanning exposure. The reticle stage RST 
comprises a combination of a coarse moving stage that moves in 
the Y direction and a fine moving stage with which the two- 
dimensional position on this coarse moving stage can be fine 
tuned. On the reticle stage RST is fixed a pair of reference 
mark plates 17C1 and 17C2 in a positional relationship that 
sandwiches the reticle R in the X direction, and two- 
dimensional plus-shaped (for example) reference marks MCI and 
MC2 are formed in the reference mark plates 17C1 and 17C2, 
respectively. The positional relationship of the reference 
marks MCI and MC2 to the original pattern of the reticle R is 
measured ahead of time with high precision and recorded in the 
memory component of the main control system 10. 

A reference plate 6 composed of a slender (in the X 
direction) sheet of glass is fixed over the measurement stage 
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5, and a plurality of index marks IM for measuring the imaging 
characteristics of the projection optical system PL are formed 
on the reference plate 6. The reference plate 6 is big enough 
to cover the slit-shaped illumination region 9 of the exposure 
light on the reticle R, or more accurately, to cover the field 
of vision in the X direction on the reticle R side of the 
projection optical system PL. Use of the reference plate 6 
eliminates the need to ready a dedicated reticle for measuring 
imaging characteristics and saves the time that would 
otherwise be spent replacing the dedicated reticle and the 
exposure light reticle R, so imaging characteristics can be 
measured at high precision and changes in the projection 
optical system PL over time can be accurately tracked* The 
measurement stage 5 is provided with a positioning mechanism 
used within a fine range in the x direction (the non- 
measurement direction). A pair of reference mark plates 17D1 
and 17D2 is fixed on the measurement stage 5 so as to sandwich 
the reference plate 6 in the X direction, and two-dimensional 
plus-shaped (for example) reference marks MDl and MD2 are 
formed in the reference mark plates 17D1 and 17D2, 
respectively. The positional relationship of the reference 
marks MDl and MD2 to the plurality of index marks IM is also 
accurately measured ahead of time and recorded in the memory 
component of the main control system 10. 
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Thus, in this example, the measurement stage 5 for the 
reference plate 6 is provided independently from the reticle 
stage RST, and no other measurement member besides the reticle 
R is placed on the original reticle stage RST. Specifically, 
the reticle stage RST is only provided with scanning and 
positioning functions, which are the minimum requirement for 
scanning exposure, so the reticle stage RST is more compact 
and lightweight. Therefore, the reticle stage RST can be 
scanned at a higher speed, and this increases the throughput 
of the exposure step. Particularly in the case of reduced 
projection, the scanning speed of the reticle stage RST is 1/p 
times the scanning speed of the wafer stage (such as 4 or 5 
times), so the upper limit to the scanning speed is more or 
less determined by the reticle stage, in which case the 
increase in throughput is particularly great. 

Also, a laser beam is emitted from a laser interferometer 
7Y disposed in the +Y direction with respect to the guides 4A 
and 4B and directed at a movable mirror 24 Y on the side 
surface in the +y direction of the reticle stage RST. A laser 
beam is emitted from biaxial laser interferometers 7X1 and 7X2 
disposed in the +X direction and directed at a movable mirror 
24X on the side surface in the +X direction of the reticle 
stage RST. The X coordinate, Y coordinate, and angle of 
rotation of the reticle stage RST are measured by the laser 
interferometers 7Y, 7X1, and 7X2, the measurement values are 
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supplied to the main control system 10 in Figure 1^ and the 
main control system 10 controls the speed and position of the 
reticle stage RST via linear motors or the like on the basis 
of these measurement values. A laser beam is also emitted 
from a laser interferometer 8Y disposed in the -Y direction 
with respect to the guides 4A and 4B and directed at a movable 
mirror 25Y on the side surface in the -Y direction of the 
measurement stage 5, and the Y coordinate of the measurement 
stage 5 as measured by the laser interferometer 8Y is supplied 
to the main control system 10. The optical axes of the Y axis 
laser interferometers 7Y and 8Y each pass through the center 
of the illumination region 9 in the Y direction, that is, 
through the optical axis AX of the projection optical system 
PL, and the laser interferometers 7Y and 8Y measure the 
positions of the reticle stage RST and the measurement stage 5 
in the scanning direction at all times. 

The perpendicular side surfaces of the reticle stage RST 
may be mirror finished and these mirror surfaces may be 
considered to be the movable mirrors 24X and 24 Y, and the 
perpendicular side surfaces of the measurement stage 5 may 
also be mirror finished and these mirror surfaces may be 
considered to be the movable mirrors 25X and 25Y. 

In this example, as shown in Figure 1, a pair of reticle 
alignment microscopes RA and RB may be disposed above the 
reticle R for detecting the amount of positional deviation of 
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an alignment mark (reticle mark) formed on the reticle R from 
a reference mark (not shown) on the corresponding wafer stage. 
The straight line passing through the detection centers of the 
reticle alignment microscopes RA and KB is parallel to the X 
axis, and the center of these detection centers matches up 
with the optical axis AX. In this example, the reticle 
alignment microscopes RA and RB corresponding to the second 
measurement system of the present invention (absolute value 
measurement system) are used to detect the positions of the 
reference marks MCI and MC2 on the reticle stage RST and the 
reference marks MDl and MD2 on the measurement stage 5 as 
shown in Figure 3. 

If the reticle stage RST should be shunted in the +Y 
direction during measurement of imaging characteristics and 
the measurement stage 5 moved in the Y direction so that the 
reference plate 6 more or less covers the illumination region 
9, then the laser beams from the laser interferometers 7X1 and 
7X2 will diverge from the side surface of the reticle stage 
RST and illuminate the movable mirror 25X in the +X direction 
of the measurement stage 5. At this point the amounts of 
positional deviation from the detection centers (field center) 
of the reference marks MDl and MD2 on the reference plate 6 
are detected by the reticle alignment microscopes RA and RB, 
respectively, and the main control system 10 in Figure 1 
positions the measurement stage 5 so that the centers of the 
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reference marks MDl and MD2 will be symmetrical to the 
corresponding detection centers and the amount of positional 
deviation will be as small as possible. In this state ^ the 
measurement values of the X axis laser interferometers 7X1 and 
7X2 are reset. These measurement values may also be preset to 
a specific value. 

After this, the angle of rotation and position of the 
measurement stage 5 in the X direction are measured at high 
precision and with good reproducibility by the laser 
interferometers 7X1 and 7X2, and the position of the 
measurement stage 5 in the Y direction is constantly measured 
at high precision by the laser interferometer 8Y. Therefore, 
the main control system 10 can precisely control the position 
of the measurement stage 5 via linear motors or the like on 
the basis of these measurement values. Alternatively, instead 
of minimizing the amounts of positional deviation of the 
reference marks MDl and MD2 as above, the measurement values 
of the laser interferometers 7X1 and 7X2 may be preset to 
corresponding values on the basis of these amounts of 
positional deviation. 

Meanwhile, the position of the reticle stage RST in the 
non-scanning direction is not measured during the above 
measurement, but if the reticle stage RST comes under the 
illumination region 9 for exposure, then the movable mirror 
24X of the reticle stage RST will once again be illuminated by 
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the laser beams from the laser interferometers 7X1 and 7X2. 
Just as with the measurement stage 5, the reticle alignment 
microscopes RA and RB are used to detect the amounts of 
positional deviation of the reference marks MCI and MC2 on the 
reticle stage RST from the detection centers of the reticle 
alignment microscopes RA and RB, and the main control system 
10 presets the measurement values of the laser interferometers 
7X1 and 7X2 to specific values when the reticle stage RST has 
been positioned so that these amounts of positional deviation 
are symmetrical and at a minimum. After this, the angle of 
rotation and position of the reticle stage RST in the X 
direction are measured with good reproducibility, and the 
position in the Y direction is constantly measured by the 
laser interferometer 7Y, so the reticle stage RST can be 
positioned at the desired position at high precision. 
Therefore, there is no interruption of the laser beams from 
the laser interferometers 7X1 and 7X2. 

Returning to Figure 1, the wafer W is held on the wafer 
stage WST via a wafer holder (not shown), so that the wafer 
stage WST is able to move in the X and Y directions via an air 
bearing over a surface table 13. A focus leveling mechanism 
for controlling the angle of inclination and the position of 
the wafer W in the Z direction (the focal position) is also 
incorporated into the wafer stage WST. The measurement stage 
14, which is equipped with various measurement devices, is 



placed on the surface table 13 such that it can move in the X 
and Y directions via an air bearing independently of the wafer 
stage WST. A mechanism for controlling the focal position is 
also incorporated into the measurement stage 14 on the upper 
surface thereof. 

Figure 2 is a plan view of the wafer stage WST and the 
measurement stage 14. In Figure 2^ a series of coils are 
embedded for example in a specific layout inside the surface 
table 13 on its top side, yokes and a series of magnets are 
embedded at the bottom of the wafer stage WST and the bottom 
of the measurement stage 14, and the coils and corresponding 
magnets make up planar motors. These planar motors 
independently control the angles of rotation and the positions 
of the wafer stage WST and the measurement stage 14 in the X 
and Y directions. Details of a planar motor are disclosed in 
Japanese Patent Application Laid-Open No. 8-51756, for instance, 

The wafer stage WST in this example is furnished with the 
minimum functions required for exposure. Specifically, the 
wafer stage WST is equipped with a focus leveling function, 
and a wafer holder (on the bottom of the wafer W) for holding 
the wafer W by suction and a reference mark plate 17A on which 
a reference mark MA is formed for measuring the position of 
the wafer stage WST are provided on the wafer stage WST. A 
reference mark (not shown) for reticle alignment is also 
formed on the reference mark plate 17A. 



As shown in Figure 1, a wafer alignment sensor 16 of the 
type with which imaging is performed by off-axis method for 
the alignment of the wafer W is provided adjacent to the 
projection optical system PL. The detection signals of the 
wafer alignment sensor 16 are supplied to an alignment 
processing system in the main control system 10, The wafer 
alignment sensor 16 is used to measure the position of the 
alignment marks (wafer marks) provided to shot regions on the 
wafer W. In this example, the wafer alignment sensor 16 is 
used to detect the position of the reference marks MA on the 
wafer stage WST, for example. Specifically, the wafer 
alignment sensor 16 corresponds to the second measurement 
system (absolute value measurement system) of the present 
invention. 

The surface of the measurement stage 14 is set at 
approximately the same height as the surface of the wafer W on 
the wafer stage WST. In Figure 2, to the measurement stage 14 
are fixed an illumination quantity monitor 18 comprising a 
photoelectric sensor for measuring the energy (incident 
energy) per unit of time for all of the exposure light that 
has passed through the projection optical system PL, a 
brightness unevenness sensor 19 comprising a photoelectric 
sensor for measuring the brightness distribution within the 
slit-shaped exposure region 12 produced by the projection 
optical system PL, a measurement board 20 on which are formed 



slits 2 IX and 21Y for measuring imaging characteristics, and a 
reference marker plate 17B on which is formed a reference mark 
MB that serves as a position reference- The positional 
relationship between the reference mark MB and the brightness 
unevenness sensor 19 , etc., is previously measured at high 
precision and stored in the memory component of the main 
control system 10 in Figure 1. The position of the reference 
mark MB is also measured by the wafer alignment sensor 16. 

Condensing lenses and photoelectric sensors are disposed 
on the bottom surfaces of the X axis slit 2 IX and Y axis slit 
in the measurement board 20, and a spatial image detection 
system is constituted by the measurement board 20, the 
photoelectric sensors, and so forth. The edges of a 
rectangular aperture may be used in place of the slits 2 IX and 
21Y. The light-receiving surface of the illumination quantity 
monitor 18 is formed large enough to cover the exposure region 
12, the light-receiving portion of the brightness unevenness 
sensor 19 is in the form of a pinhole, and the detection 
signals of the illumination quantity monitor 18 and the 
brightness unevenness sensor 19 are supplied to the main 
control system 10 in Figure 1. 

The detection signal of the photoelectric sensor at the 
bottom of the measurement board 20 is supplied to the imaging 
characteristic computation system 11 shown in Figure 1. In 
this case, during the measurement of the imaging 
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characteristics of the projection optical system PL, the 
reference plate 6 on the measurement stage 5 on the reticle 
side in Figure 3 is moved to the illumination region 9, the 
image of the index marks IM formed on the reference plate 6 is 
projected to the wafer stage side, and this image is scanned 
in the X and Y directions with the slits 2 IX and 21Y on the 
measurement board 20 while the detection signal from the 
photoelectric sensor on the bottom is taken in by the imaging 
characteristic computation system 11. The imaging 
characteristic computation system 11 processes this detection 
signal and detects the position, contrast, and so forth of the 
index marks IM, determines from this detection result the 
imaging characteristics such as the planar curvature of the 
projected image, distortion, and the best focal position, and 
outputs these to the main control system 10. Although not 
shown in the figures, there is also provided a mechanism for 
driving a specific lens in the projection optical system PL to 
correct a specific imaging characteristic such as distortion, 
and the main control system 10 is designed so that the imaging 
characteristics of the projection optical system PL can be 
corrected via this correction mechanism. 

The sensors in Figure 2, such as the photoelectric 
sensors at the bottom of the illumination quantity monitor 18, 
brightness unevenness sensor 19, and measurement board 20 
provided to the measurement stage 14, are all connected to 
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power sources, heat generating sources such as an amp, or 
communications signal cables. Therefore, if these sensors are 
mounted on the wafer stage WST used for exposure, there is the 
danger that the heat source attached to a sensor or tension on 
a signal cable may adversely affect the positioning precision. 
There is also the danger that the thermal energy produced by 
irradiation with the exposure light during measurement of 
imaging characteristics and so forth may lead to lower 
positioning precision. To deal with this, in this example, 
these sensors are provided to the measurement stage 14, which 
is separate from the wafer stage WST used for exposure, so the 
wafer stage WST can be more compact and lightweight, and this 
also prevents any decrease in positioning precision due to the 
thermal energy of exposure light during measurement or to a 
heat source of the sensors used for measurement. Furthermore, 
reducing the size of the wafer stage WST raises the wafer 
stage WST movement speed and controllability, improves the 
throughput of the exposure step, and enhances positioning 
precision and the like. 

Also, a laser beam is emitted from a laser interferometer 
15Y disposed in the +Y direction with respect to the surface 
table 13 and directed at a movable mirror 22 Y on the side 
surface in the +Y direction of the wafer stage WST, a laser 
beam is emitted from biaxial laser interferometers 15X1 and 
15X2 disposed in the -X direction and directed at a movable 
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mirror 22X on the side surface in the -X direction of the 
wafer stage WST, the X coordinate, Y coordinate, and angle of 
rotation of the wafer stage WST are measured by the laser 
interferometers 15Y, 15X1, and 15X2. The measurement values 
are supplied to the main control system 10 in Figure 1, and 
the main control system 10 controls the speed and position of 
the wafer stage WST via planar motors on the basis of these 
measurement values. Similarly, an X axis movable mirror 23X 
and a Y axis movable mirror 23 Y are attached to the side 
surfaces of the measurement stage 14. The perpendicular side 
surfaces of the wafer stage WST may be mirror finished and 
these mirror surfaces considered to be the movable mirrors 22X 
and 22Y, and similarly the perpendicular side surfaces of the 
measurement stage 14 may also be mirror finished and these 
mirror surfaces considered to be the movable mirrors 23X and 
23Y. 

During measurement of the incident energy of the exposure 
light, for instance, the laser beams used for measuring these 
positions are directed at the movable mirrors 23X and 23Y of 
the measurement stage 14. 

Figure 4 illustrates an example of the layout of the 
wafer stage WST and the measurement stage 14 during 
measurement of the incident energy of the exposure light or 
the like. If the wafer stage WST should be shunted to a 
positioned away from the exposure region 12 and the 
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measurement stage 14 moved so as to come into the exposure 
region 12, the laser beams from the laser interferometers 15X1, 
15X2, and 15Y will diverge from the movable mirrors 22X and 
22Y of the wafer stage WST and be directed at the movable 
mirrors 23X and 23Y of the measurement stage 14. At this 
point the measurement stage 14 is moved so that the reference 
mark MB on the measurement stage 14 will enter the field 16a 
of the wafer alignment sensor 16 shown in Figure 1, and the 
angle of rotation of the measurement stage 14 is adjusted so 
that the measurement values of the biaxial X axis laser 
interferometers 15X1 and 15X2 will be the same. In this state, 
the amount of positional deviation from the detection center 
(center of the field 16a) of the reference mark MB is detected. 
The main control system 10 presets the X and Y components of 
this amount of positional deviation to the measurement values 
of the laser interferometers 15X1, 15X2, and 15Y. After this, 
the position of the measurement stage 14 is measured at high 
precision and with good reproducibility by the laser 
interferometers 15X1, 15X2, and 15Y, and the main control 
system 10 controls the position of the measurement stage 14 at 
high precision via planar motors on the basis of these 
measurement values. 

Meanwhile, during exposure, as shown in Figure 2, the 
measurement stage 14 is shunted and the laser beams from the 
laser interferometers 15X1, 15X2, and 15Y are directed at the 
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movable mirrors 22X and 22 Y of the wafer stage WST^ the 
reference mark MA is moved into the field 16a of the wafer 
alignment sensor 16, and amount of positional deviation from 
the detection center of the field 16a of the reference mark MA 
is measured in a state in which the measurement values of the 
laser interferometers 15X1 and 15X2 coincide. The measurement 
values of the laser interferometers 15X1, 15X2, and 15Y are 
preset on the basis of these measurement values of the 
positional deviation. After this, the wafer stage WST is 
positioned at high precision and with good reproducibility. 
Since the positions of the wafer stage WST and the measurement 
stage 14 can be roughly controlled by driving the planar 
motors with an open loop, the main control system 10 varies 
the positions of the wafer stage WST and the measurement stage 
14 by driving the planar motors by open loop method. 

Returning to Figure 1, although not depicted, a grazing 
incidence type of focal position detection system (AF sensor) 
for measuring the focal position of the surface of the wafer W 
is disposed on the side surface of the projection optical 
system PL, and the surface of the wafer W being scanned and 
exposed is focused on the image plane of the projection 
optical system PL on the basis of this detection result. 

Next, the operation of the projection exposure apparatus 
in this example will be described. First, the quantity of 
exposure light XL incident on the projection optical system PL 

42 



is measured using the measurement stage 14 on the wafer stage 
side. In this case, in order to measure the quantity of 
incident light with the reticle R in a loaded state, in Figure 
1, a reticle R for exposure is loaded onto the reticle stage 
RST, and the reticle R moves into the illumination region of 
the exposure light IL. After this, as shown in Figure 4, the 
wafer stage WST is shunted in the +Y direction, for example, 
on the surface table 13, and the measurement stage 14 moves 
toward the exposure region 12 of the projection optical system 
PL. After this, the presetting of the measurement values of 
the laser interferometers 15Y, 15X1, and 15X2 is carried out 
as above, the measurement stage 14 is then halted at the 
position where the light-receiving surface of the illumination 
quantity monitor 18 on the measurement stage 14 covers the 
exposure region 12, and in this state the quantity of exposure 
light IL is measured through the illumination quantity monitor 
18. 

The main control system 10 supplies this measured 
quantity of light to the imaging characteristic computation 
system 11. Here, the value obtained by detecting the light 
flux branching off from the exposure light IL in the 
illumination system 1, for instance, is also supplied to the 
imaging characteristic computation system 11, and the imaging 
characteristic computation system 11 calculates and stores a 
coefficient for indirectly computing the quantity of light 



incident on the projection optical system PL from the quantity 
of light monitored in the illumination system 1 on the basis 
of the two measurement values. During this interval, a wafer 
W is loaded on the wafer stage WST. After this, as shown in 
Figure 2, the measurement stage 14 is shunted to a position 
away from the exposure region 12, while the wafer stage WST 
moves toward the exposure region 12. While the wafer stage 
WST is shunted, as shown in Figure 4, it is not irradiated 
with the laser beams from the laser interferometers 15Y, 15X1, 
and 15X2, so positional control is performed, for example, by 
driving the planar motors by open loop method. 

The measurement stage 14 is shunted away from the 
exposure region 12, the wafer stage WST is moved to a position 
in the exposure region 12, and the presetting of the 
measurement values of the laser interferometers 15Y, 15X1, and 
15X2 is carried out as above, after which the wafer stage WST 
is moved so that the center of the reticle-use reference mark 
(not shown) for the reticle on the reference mark plate 17A on 
the wafer stage WST is located close to the optical axis AX 
(the center of the exposure region 12). After this, the 
reticle R is aligned using the reticle alignment microscopes 
RA and RB by driving the reticle stage RST in Figure 1 so that 
positional deviation between the reticle mark on the reticle R 
and the corresponding reference mark on the reference mark 
plate 17A will be within a specific range of tolerance. 

44 



Approximately simultaneously with this, the position of 
another reference mark MA is again detected by the wafer 
alignment sensor 16 shown in Figure 1, the result of which is 
that the interval {baseline quantity) between the detection 
center of that sensor and the center of the projected image of 
the reticle R is correctly detected. 

Next, the layout coordinates of the various shot regions 
of the wafer W are determined by detecting through the wafer 
alignment sensor 16 the position of the wafer mark provided to 
a specific shot region (sample shot) on the wafer W. After 
this, scanning exposure is performed while the shot region to 
be exposed of the wafer W is aligned with the pattern image of 
the reticle R on the basis of these layout coordinates and the 
above-mentioned baseline quantity. As shown in Figure 1, 
during the scanning exposure of the various shot regions on 
the wafer W, the reticle R is scanned at a speed of VR in the 
-hY direction (or -Y direction) through the reticle stage RST 
with respect to the illumination region 9 of the exposure 
light IL (see Figure 3), and in synchronization with this, the 
wafer W is scanned at a speed of p • VR (P is the projection 
magnification) in the -Y direction (or +Y direction) through 
the wafer stage WST with respect to the exposure region 12. 

During exposure, the quantity of light of the light flux 
branching off from the exposure light IL in the illumination 
system 1, for instance, is supplied to the imaging 
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characteristic computation system 11^ the imaging 
characteristic computation system 11 calculates the quantity 
of exposure light XL incident on the projection optical system 
PL on the basis of the supplied measurement value for quantity 
of light and a predetermined coefficient, calculates the 
amount of change in the imaging characteristics of the 
projection optical system PL (projection magnification, 
distortion, etc-) due to the absorption of the exposure light 
IL, and supplies this calculation result to the main control 
system 10. The main control system 10 corrects the imaging 
characteristics by driving a specific lens in the projection 
optical system PL, for instance. 

The above description is of ordinary exposure, but when 
the status of the device is determined for the maintenance of 
the projection exposure apparatus in this example, for 
instance, the measurement stage 14 is moved to the exposure 
region 12 side for this measurement. For example, when the 
uniformity of brightness in the exposure region 12 is measured, 
the reticle R is removed from the reticle stage RST, after 
which the brightness distribution is measured while the 
brightness unevenness sensor 19 is moved in the X and Y 
directions within the exposure region 12, as shown in Figure 4. 

Next, the operation of using the measurement stage 5 on 
the reticle stage side and the measurement stage 14 on the 
wafer stage side to measure the imaging characteristics of the 
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projection optical system PL will be described. In this case, 
as shown in Figure 3, the reticle stage RST is shunted in the 
+Y direction, and the reference plate 6 on the measurement 
stage 5 is moved into the illumination region 9. At this 
point the laser beams of the laser interferometers 7X1 and 7X2 
in the non-scanning direction are directed at the measurement 
stage 5, and the resetting (or presetting) of the measurement 
values is performed as above using the reticle alignment 
microscopes RA and RB. After this, the measurement stage 5 is 
positioned at high precision on the basis of the measurement 
values of the laser interferometers 7X1, 7X2, and 8Y. 

Here, as already described, the images of the plurality 
of index marks IM are projected on the wafer stage side via 
the projection optical system PL. In this state, as shown in 
Figure 4, the measurement stage 14 is driven and the images of 
these index marks IM are scanned in the X and Y directions 
with the slits on the measurement board 20, and the detection 
signals from the photoelectric sensors on the bottom of the 
measurement board 20 are processed by the imaging 
characteristic computation system 11, by which the position 
and contrast of these images are determined. The position and 
contrast of these images are also determined while the focal 
position of the measurement board 20 is varied a certain 
amount at a time. From these measurement results the imaging 
characteristic computation system 11 determines the amount of 
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fluctuation in imaging characteristics, namely, the best focal 
position of the projected image of the projection optical 
system PL, the image plane curvature, and distortion 
(including magnification error). If this fluctuation exceeds 
a tolerable range, the main control system 10 corrects the 
imaging characteristics of the projection optical system PL. 

As discussed above, with the projection exposure 
apparatus in this example, the positions of the reference 
marks MA and MB are detected by the wafer alignment sensor 16, 
and the laser interferometers 15X1, 15X2, and 15Y are preset 
on the basis of this position information, so the position of 
the wafer stage WST or the measurement stage 14 can be 
measured at high precision and with good reproducibility by 
the laser interferometers 15X1, 15X2, and 15Y. Similarly, the 
position of the reticle stage RST or the measurement stage 5 
can be measured at high precision and with good 
reproducibility by detecting the positions of the reference 
marks MCl and MC2 or MDl and MD2 using the reticle alignment 
microscopes RA and RB, and resetting the laser interferometers 
7X1 and 7X2, for instance. 

The second embodiment of the present invention will now 
be described through reference to Figures 5 to 12. This is an 
example of applying the present invention to a step-and-scan 
type of projection exposure apparatus in which exposure is 
performed by the double exposure method. 

48 



Figure 5 shows the simplified structure of the projection 
exposure apparatus in this example. In Figure 5, the 
projection exposure apparatus of this example comprises a 
stage device equipped with wafer stages WSTl and WST2 as a 
plurality of movable stages for supporting and independently 
moving two-dimensionally wafers Wl and W2 as sensitive 
substrates on a base plate 86; a projection optical system PLl 
disposed above this stage device; a reticle drive mechanism 
for driving in a specific scanning direction a reticle Rl or 
R2 (see Figure 6) as a mask above the projection optical 
system PLl; an illumination system for illuminating the 
reticles Rl and R2 from above; and a control system for 
controlling these various components. In the following 
discussion, the Z axis extends parallel to the optical axis 
AXl of the projection optical system PLl, the X axis is 
parallel to the viewing plane in Figure 5 within a plane 
perpendicular to the Z axis, and the Y axis is perpendicular 
to the viewing plane in Figure 5. In this example, the 
scanning direction is the direction parallel to the Y axis 
(the Y direction). 

First, the stage device is supported floating on an air 
bearing (not shown) over the base plate 86, and is equipped 
with two wafer stages WSTl and WST2 capable of independent 
movement in the X and Y directions, a wafer stage drive system 
81W for driving these wafer stages WSTl and WST2 , and an 



interferometer system for measuring the positions of the wafer 
stages WSTl and WST2 . 

This configuration will now be described in further 
detail. A plurality of air pads (such as vacuum pre-loaded 
air bearings; not shown) are provided on the bottoms of the 
wafer stages WSTl and WST2 , and the wafer stages WSTl and WST2 
are supported floating above the base plate 86 in a state in 
which a gap of a few microns, for example, is maintained 
through the balance between the vacuum pre-pressure and the 
air discharge force of these air pads. 

Figure 7 shows the drive mechanism of the wafer stages 
WSTl and WST2. In Figure 7, two X axis linear guides 95A and 
95B extending in the X direction are provided in parallel on 
the base plate 86. A set of permanent magnets for a linear 
motor is fixed along each of the X axis linear guides 95A and 
95B, and two movable members 93A and 93C and two movable 
members 93B and 93D are provided movably along these X axis 
linear guides 95A and 95B, respectively. To the bottom of 
each of these four movable members 93A to 93D is attached a 
drive coil (not shown) so as to surround the X axis linear 
guides 95A and 95B from the sides and from above. These drive 
coils and the X axis linear guides 95A and 95B make up moving 
coil linear motors that drive the movable members 93A to 93D 
in the X direction. For the sake of convenience in the 
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following description, these movable members 93A to 93D will 
be referred to as "X axis linear motors." 

Of these, the two X axis linear motors 93A and 93B are 
provided to the ends of a Y axis linear guide 94A extending in 
the Y direction, and the other two X axis linear motors 93C 
and 93D are fixed to the ends of a Y axis linear guide 94B 
also extending in the Y direction. A set of drive coils for a 
linear motor is fixed in the Y direction along each of the Y 
axis linear guides 94A and 94B. Therefore, the Y axis linear 
guide 94A is driven in the X direction along the X axis linear 
guides 95A and 95B by the X axis linear motors 93A and 93B, 
and the Y axis linear guide 94B is driven in the Y direction 
along the X axis linear guides 95A and 95B by the X axis 
linear motors 93C and 93D. 

Meanwhile, a set of permanent magnets (not shown) is 
provided to the bottom of the wafer stage WSTl so as to 
surround one of the Y axis linear guides 94A from the sides 
and above, and these permanent magnets and the Y axis linear 
guide 94A make up a moving magnet linear motor that drives the 
wafer stage WSTl in the Y direction. Similarly, a moving 
magnet linear motor that drives the wafer stage WST2 in the Y 
direction is made up of a set of permanent magnets (not shown) 
provided to the bottom of the wafer stage WST2 and the Y axis 
linear guide 94B. 
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Specifically, in this example a stage system for two- 
dimensionally and independently driving the wafer stages WSTl 
and WST2 over the XY plane is constituted of the above- 
mentioned X axis linear guides 95A and 95B, the X axis linear 
motors 93A to 93D, the Y axis linear guides 94A and 94B, the 
permanent magnets (not shown) on the bottoms of the wafer 
stages WSTl and WST2, and so forth. These wafer stages WSTl 
and WST2 are controlled by a stage controller 3 8 via the stage 
drive system 81W. The operation of the stage controller 3 8 is 
controlled by a main controller 90. 

It is also possible to generate or eliminate a subtle 
yawing in the wafer stage WSTl by slightly varying the balance 
of propulsion of the pair of X axis linear motors 93A and 93B 
provided to the ends of the Y axis linear guide 94A. 
Similarly, a subtle yawing can be generated or eliminated in 
the wafer stage WST2 by slightly varying the balance of 
propulsion of the pair of X axis linear motors 93C and 93D. 
Wafers Wl and W2 are fixed by vacuum chucking or the like on 
these wafer stages WSTl and WST2 via wafer holders (not shown). 
The wafer holders are finely driven in the Z direction and the 
6 direction (the direction of rotation around the Z axis) by a 
Z/6 drive mechanism (not shown). 

The side surfaces of the wafer stage WSTl in the -X and 
+Y directions are mirror finished to produce reflective 
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surfaces 84X and 84Y (see Figure 6). Similarly, the side 
surfaces of the wafer stage WST2 in the +X and -Y directions 
are mirror finished to produce reflective surfaces 85X and 85Y. 
These reflective surfaces correspond to movable mirrors, and 
by projecting measurement beams 92X2, 92X5, and 92Y1 to 92Y5 
consisting of laser beams from the various laser 
interferometers that make up the interferometer system 
(discussed below) onto these reflective surfaces and receiving 
the reflected light with the various laser interferometers, 
the displacement of the various reflective surfaces from a 
reference surface (a reference mirror is generally disposed on 
the projection optical system side surface or on the alignment 
optical system side surface, and this mirror is used as a 
reference surface) is measured, the result of which is that 
the two-dimensional positions of the wafer stages WSTl and 
WST2 are measured. The structure of the interferometer system 
will be described in detail below. 

In Figure 5, a refraction optical system that comprises a 
plurality of lens elements sharing an optical axis in the Z 
direction, and that is telecentric on the sides and has a 
specific reduction factor, such as 1/5, is used as the 
projection optical system PLl. A reflection refraction system 
or a reflection system may also be used as the projection 
optical system PLl. 
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AS Shown in Figure 5, off-axis alignment systems 88A and 
88B both having the same functions are provided to the X 
direction ends of the projection optical system PLl at 
positions an equal distance away from the optical axis AXl of 
the projection optical system PLl (corresponds to the center 
of the projected image of the reticle pattern) . These 
alignment systems 88A and 88B have three types of alignment 
sensor: an LSA (Laser Step Alignment) system with a slit- 
shaped laser beam, an imaging type of FIA (Field Image 
Alignment) system, and an LIA (Laser Interf erometric 
Alignment) system that detects diffracted light from two 
heterodyne beams, for example. These alignment systems 88A 
and 88B allow positional measurement in two dimensions (the X 
and Y directions) for the reference mark on the reference mark 
plate and the alignment mark on a wafer. In this example, 
these three types of alignment sensor are used as dictated by 
the situation at hand, and perform so-called search alignment 
in which the positions of three one-dimensional marks on a 
wafer are detected to measure the approximate position of the 
wafer, fine alignment in which the positions of the various 
shot regions on a wafer are accurately measured, and so on. 

In this case, one of the alignment systems 88A is used, 
for instance, to measure the position of the alignment mark on 
the wafer Wl supported on the wafer stage WSTl . The other 
alignment system 88B is used, for instance, to measure the 
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position of the alignment mark on the wafer W2 supported on 
the wafer stage WST2. The detection signals from the 
alignment sensors that constitutes these alignment systems 88A 
and 88B are sent to an alignment controller 80. The alignment 
controller 80 subjects the detection signals A/D (analog/ 
digital) conversion, and subjects the digitized waveform 
signals to computation processing to detect the mark position. 
This detection result is sent to a main controller 90, and 
information such as position correction during exposure is 
outputted from the main controller 90 to the stage controller 
3 8 according to this detection result. 

Although not depicted in the figures, the projection 
optical system PLl and the alignment systems 88A and 88B are 
each provided with an autofocus/autoleveling measurement 
mechanism (hereinafter referred to as the "AF/AL system") for 
detecting the amount of defocus from the best focal position 
of the exposure side of the wafer Wl (or W2 ) . Of these, a so- 
called grazing incidence type of multipoint AF system is used 
as the AF/AL system for the projection optical system PLl. 
The same AF/AL system is provided to the alignment systems 88A 
and 88B as well. Specifically, in this example the detection 
beam can be directed by the AF/AL system used during the 
alignment sequence for approximately the same measurement 
region as the AF/AL system used in the detection of the amount 
of defocus during exposure. Accordingly, the position of the 
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alignment mark can be measured at high precision and at the 
same focusing precision as during exposure during the 
alignment sequence in which the alignment systems 88A and 88B 
are used as well. Put another way, no offset (error) is 
produced by the attitude of the stage between exposure and 
alignment . 

Next, the reticle drive mechanism will be described 
through reference to Figures 5 and 6. This reticle drive 
mechanism comprises a reticle stage RSTl capable of two- 
dimensional movement in the XY plane and supporting a reticle 
Rl over a reticle base table 79; a reticle stage RST2 capable 
of two-dimensional movement and supporting a reticle R2 in the 
same movement plane; a linear motor (not shown) for driving 
these reticle stages RSTl and RST2 ; and a reticle 
interferometer system that manages the positions of these 
reticle stages RSTl and RST2 . 

To describe this in further detail, as shown in Figure 6, 
these reticle stages RSTl and RST2 are disposed in series in 
the scanning direction (Y direction), are supported floating 
over the reticle base table 79 by air bearings (not shown), 
and are finely driven in the X direction, finely rotated in 
the 9 direction, and scan-driven in the Y direction by a 
reticle stage drive mechanism 81R (see Figure 5). The drive 
source of the reticle stage drive mechanism 81R is the same 
linear motor as for the stage device for wafer, but is 
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depicted as a simple block in Figure 5 for the sake of 
simplicity. Accordingly, when the reticles Rl and R2 on the 
reticle stages RSTl and RST2 are used selectively in double 
exposure, for instance, either of the reticles Rl and R2 can 
be scanned synchronously with the wafers Wl and W2 • 

Movable mirrors 82 A and 82B composed of the same material 
as the reticle stages RSTl and RST2 (such as a ceramic) extend 
in the Y direction from the +X direction side surfaces on 
these reticle stages RSTl and RST2. Measurement beams 91X1 
and 91X2 are emitted from laser interferometers (hereinafter 
referred to simply as "interferometers") 83X1 to 83X5 and 
directed at the +X direction reflective surfaces of these 
movable mirrors 82A and 82B, this reflected light is received 
by the interferometers 83X1 to 83X5, and the relative 
displacement with respect to a specific reference surface is 
measured, the result of which is that the positions of the 
reticle stages RSTl and RST2 in the X direction are measured. 
Here, the measurement beam 91X3 from the interferometer 83X3 
actually has two measurement beams separated in the Y 
direction and capable of independently measuring displacement. 
The positions of the reticle stages RSTl and RST2 in the X 
direction and the amount of yaw (the angle of rotation around 
the Z axis) can be measured from these two measurement values. 

In this example, the spacing between the measurement 
beams 91X1 to 91X5 in the Y direction is set shorter than the 
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width of the movable mirrors 82A and 82B in the Y direction, 
which results in the movable mirrors 82A and 82B being 
irradiated by one of the measurement beams 91X1 to 91X5 at all 
times. At some point in time, two adjacent measurement beams 
(such as 91X1 and 91X2) will end up being directed at the same 
movable mirror (such as 82B) at the same time, and this state 
can be viewed as the corresponding interferometers 83X1 and 
83X2 partially overlapping the measurement region. As a 
result, as will be discussed below, the measurement values of 
the interferometers 83X1 to 83X4 can be successively 
transferred at high precision to the measurement values of the 
interferometers 83X2 to 83X5. The measurement values of the 
interferometers 83X1 to 83X5 are supplied to the stage 
controller 38 in Figure 5, and the stage controller 3 8 
performs rotational control and X direction positional control 
of the reticle stages RSTl and RST2 via the reticle stage 
drive mechanism 81R on the basis of these measurement values 
in order to correct the synchronization error between the 
wafer stages WSTl and WST2 . 

Meanwhile, in Figure 6, corner cubes 89A and 8 93 are 
disposed as a pair of movable mirrors at the -Y direction end 
of the first reticle stage RSTl in the scanning direction. 
Measurement beams 91Y1 and 91Y2 consisting of two laser beams 
are emitted from a pair of double-pass interferometers (not 
shown) and directed at these corner cubes 89A and 89B, and the 
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relative displacement in the Y direction of the reticle stage 
RSTl with respect to a specific reference surface is measured 
by this pair of interferometers not shown in the figures. A 
pair of corner cubes 89C and 89D is also disposed the +Y 
direction end of the second reticle stage RST2, measurement 
beams 91Y3 and 91Y4 (actually consisting of two laser beams 
each) are emitted from a pair of double-pass interferometers 
83Y3 and 83 Y4 and directed at these corner cubes 89C and 890, 
and the displacement in the Y direction of the reticle stage 
RST2 is measured by the interferometers 83Y3 and 83Y4. 

The measurement values from these double-pass 
interferometers are also supplied to the stage controller 38 
in Figure 5, and the positions of the reticle stages RSTl and 
RST2 in the Y direction are controlled on the basis of these 
measurement values. Specifically, in this example, the 
interferometers system used for the reticle system is 
constituted of the interferometers 83X1 to 83X5 having 
measurement beams 91X1 to 91X5, and the two pairs of double- 
pass interferometers having measurement beams 91Y1 and 91Y2 
and measurement beams 91Y3 and 91Y4. The interferometers 83X1 
to 83X5 are represented by the interferometer 83 in Figure 5, 
and the movable mirrors 82A and 82B and the measurement beams 
91X1 to 91X5 are expressed by the movable mirror 82 and the 
measurement beam 91X in Figure 5. 
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Next, the interferometer system that manages the 
positions of the wafer stages WSTl and WST2 will be described 
through reference to Figures 5 to 7 . 

As shown in Figures 5 to 7 , a measurement beam 92X2 
consisting of triaxial laser beams from the interferometer 
87X2 is directed at the reflective surface 84X on the side 
surface in the -X direction of the wafer stage WSTl along an 
axis parallel to the X axis, passing through the center 
(optical axis AXl) of the projected image of the projection 
optical system PLl and the detection centers of the alignment 
systems 88A and 88B. Similarly, a measurement beam 92X5 
consisting of triaxial laser beams from the interferometer 
87X5 is directed at the reflective surface 85X on the side 
surface in the +X direction of the wafer stage WST2 . The 
reflect light here is received by the interferometers 87X2 and 
87X5, the result of which is that the relative displacement of 
the reflective surfaces in the X direction from the reference 
position is measured, 

In this case, as shown in Figure 6, the measurement beams 
92X2 and 92X5 are triaxial laser beams capable of measuring 
displacement independently of one another, so the 
corresponding interferometers 87X2 and 87X5 not only measure 
the positions of the wafer stages WSTl and WST2 in the X 
direction, they also can measure the tilt angle (the angle of 
rotation around the Y axis) and the angle of yaw (the angle of 
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rotation around the Z axis) of the stages. In this case, the 
wafer stages WSTl and WST2 in this example are provided with Z 
leveling stages LSI and LS2 for respectively performing the 
fine drive of the wafer stages WSTl and WST2 in the Z 
direction, the drive of the tilt angle, and the rotational 
drive around the Z axis, as shown in Figure 6, but the Z 
leveling stages LSI and LS2 are actually lower than the 
reflective surfaces 84X and 85X. Therefore, the drive amounts 
in the tilt angle control and yaw angle control of the wafers 
Wl and W2 can all be monitored by these interferometers 87X2 
and 87X5. 

The X axis measurement beams 92X2 and 92X5 are directed 
at the reflective surfaces 84X and 85X of the wafer stages 
WSTl and WST2 at all times in the whole region of the movable 
range of the wafer stages WSTl and WST2. Therefore, in the X 
direction, whether during exposure using the projection 
optical system PLl or during the use of the alignment systems 
88A and 88B, the positions of the wafer stages WSTl and WST2 
in the X direction are managed on the basis of the measurement 
values obtained with the measurement beams 92X2 and 92X5. 

As shown in Figures 6 and 7, the +Y direction side 
surfaces of the wafer stages WSTl and WST2 are finished to 
produce the reflective surfaces 84Y and 85Y as movable mirrors, 
and a measurement beam 92 Y3 parallel to the Y axis and passing 
through the optical axis AXl of the projection optical system 
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PLl is emitted from the interferometer 87Y3 and directed at 
these reflective surfaces 84Y and 85Y* Interferometers 87Y1 
and 87Y5 having measurement beams 92Y1 and 92Y5^ respectively, 
are provided parallel to the Y axis and passing through the 
detection centers of the alignment systems 88A and 88B, 
respectively. In this example, the measurement value of the 
interferometer 87Y3 having the measurement beam 92Y3 is used 
to measure the positions of the wafer stages WSTl and WST2 
during exposure using the projection optical system PLl, and 
the measurement value of the interferometer 87Y1 or 87Y5 is 
used to measure the position in the Y direction of the wafer 
stage WSTl or WST2 during the use of the alignment systems 8 8A 
and 88B. 

Therefore, depending on the usage conditions, the 
measurement beams of the Y axis interferometers 87Y1, 87Y3, 
and 87Y5 may diverge from the reflective surfaces 84Y and 85Y 
of the wafer stages WSTl and WST2 . Consequently, in this 
example, the interferometer 87Y2 having the measurement beam 
92Y2 parallel to the Y axis is provided between the 
interferometers 87X1 and 87Y3, and the interferometer 87Y4 
having the measurement beam 92Y4 parallel to the Y axis is 
provided between the interferometers 87Y3 and 87Y5, the result 
of which is that the reflective surfaces 84Y and 85Y of the 
wafer stages WSTl and WST2 are irradiated at all times by a 
measurement beam from at least one of the interferometers . 
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Accordingly, if we let DXl be the width in the X direction of 
the reflective surfaces 84 Y and 85Y serving as movable mirrors, 
then the spacing DX2 between the measurement beams 92Y1, 92Y2, 
and 92Y5 in the X direction is set narrower than DXl. As a 
result, two adjacent measurement beams out of the measurement 
beams 92Y1 to 92Y5 will always be directed at the reflective 
surfaces 84Y and 85Y at the same time (that is, there is a 
partially overlapping measurement range), so the transfer of 
measurement values from the first interferometer to the second 
interferometer will always happen in this state, as will be 
discussed below. This means that the wafer stages WSTl and 
WST2 are positioned at high precision and with good 
reproducibility in the Y direction as well. 

The measurement beams 92Y1, 92Y3, and 92Y5 used to 
measure positions in the Y direction consist of biaxial laser 
beams spaced apart in the Z direction and capable of 
independent position measurement, so the corresponding 
interferometers 87Y1, 87Y3, and 87Y5 not only measure the 
positions of the reflective surfaces 84Y and 85Y in the Y 
direction, they also can measure the tilt angle around the X 
axis. In this example, the interferometer system for managing 
the two-dimensional coordinate positions of the wafer stages 
WSTl and WST2 is made up of a total of seven interferometers, 
namely, the interferometers 87X2, 87X5, and 87Y1 to 87Y5. In 
this example, as will be discussed below, while one of the 
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wafer stages WSTl and WST2 is executing the exposure sequence, 
the other executes wafer exchange and the alignment sequence, 
and the stage controller 3 8 performs position and speed 
control of the wafer stages WSTl and WST2s on the basis of the 
measurement values of the various interferometers so that 
there will not physically interfere with each other. 

Next, the illumination system and control system in this 
example will be described through reference to Figure 5. In 
Figure 5, the exposure light, which is composed of pulsed 
laser light emitted from a light source component 40 
comprising a KrF, ArF, F2, or other such excimer laser light 
source and a light reduction system (such as a light reducing 
plate), is passed through a shutter 42, after which it is 
polarized by a mirror 44, shaped to a suitable beam diameter 
by beam expanders 4 6 and 48, and incident on a first fly-eye 
lens 50. The exposure light emitted from this first fly-eye 
lens 50 goes through a lens 52, an oscillation mirror 54, and 
a lens 56, and is incident on a second fly-eye lens 58. The 
exposure light emitted from the second fly-eye lens 58 goes 
through a lens 60 and reaches a stationary blind 62 disposed 
at a position that is conjugate with the reticle Rl (or R2), 
where the cross sectional shape thereof is set to the 
specified shape, after which it is passed through a movable 
blind 64 disposed at a position slightly defocused from the 
conjugate plane with the reticle, and then passes through 
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relay lenses 66 and 68 to produce light with a uniform 
brightness distribution. This light illuminates an 
illumination region lA in a specific shape on the reticle Rl^ 
which is a rectangular slit-shape here (see Figure 6). 

Next, the control system in this example is constituted 
primarily of the main controller 90 for the general control of 
the apparatus as a whole, and of an exposure light quantity 
controller 70, the stage controller 38, and so forth under the 
management of this main controller 90. For example, when the 
wafer Wl is exposed in the pattern of the reticle Rl, the 
exposure light quantity controller 7 0 opens the shutter 42 by 
sending a command to a shutter driver 72 to drive a shutter 
drive component 7 4 prior to the start of synchronous scanning 
of the reticle Rl and wafer Wl . 

After this, the stage controller 38 starts the 
synchronous scanning of the reticle Rl and wafer Wl, that is, 
the reticle stage RSTl and the wafer stage WSTl, according to 
instructions from the main controller 90. This synchronous 
scanning is performed by monitoring the measurement values of 
the measurement beams 91Y1, 9ly2, and 91X3 of the 
interferometer system used for the reticle stage and the 
measurement beams 92Y3 and 92X2 of the interferometer system 
used for the wafer stage as discussed above, while controlling 
the stage drive system 81W and the reticle stage drive 
mechanism 81R with the stage controller 38. 
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The exposure light quantity controller 70 commences 
pulsed light generation by sending a command to a laser 
controller 76 at the point when the stages RSTl and WSTl are 
driven at the same speedy using the projection magnification 
ratio as the speed ratio,, within a specific synchronization 
error range. As a result, the rectangular illumination region 
lA (see Figure 6) of the reticle Rl is illuminated by the 
exposure light, the image of the pattern in this illumination 
region lA is reduced by the projection optical system PLl to 
1/5 its original size, and this is projected to expose a wafer 
Wl whose surface has been coated with a photoresist. Here, as 
is clear from Figure 6, the width of the illumination region 
lA in the scanning direction is narrower than the pattern 
region on the reticle Rl, and when the reticle Rl and the 
wafer Wl are synchronously scanned, the images from the entire 
pattern region are successively transferred to the shot region 
on the wafer. In this exposure, the exposure light quantity 
controller 7 0 reduces brightness unevenness caused by fringes 
generated by the two first fly-eye lenses 50 and 58 by sending 
a command to a mirror driver 78 to drive the oscillation 
mirror 54. 

The movable blind 64 is driven by a blind controller 39 
synchronously with the reticle Rl and the wafer Wl, and this 
series of synchronous operations is managed by the stage 
controller 38 so that the exposure light that has passed 
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through the outer part of the pattern region on the reticle Rl 
(the outer part of the doused band) will not leak close to the 
edges of the various shot regions on the wafer Wl during 
scanning exposure. Furthermore, when the main controller 90 
corrects the approach start position for the reticle stage and 
wafer stage at which synchronous scanning is performed during 
scanning exposure, for instance, it sends a correction command 
for the stage position to the stage controller 38 that 
controls the movement of the stages. 

Next, a plurality of interferometers with partially 
overlapping measurement ranges are disposed at the reticle 
stages RSTl and RST2 and the wafer stages WSTl and WST2 in 
this example as mentioned above, and the measurement value of 
the interferometer are successively transferred to the 
adjacent interferometer thereto. The following is an example 
of the wafer stage WST2 and the two Y axis interferometers 
87Y3 and 87Y4 in Figure 7, and the operation of transferring 
the interferometer measurement values, that is, the operation 
of presetting the interferometer measurement values, is 
described through reference to Figures 7 to 10. 

First, when the wafer stage WST2 moves in the -X 
direction from its position in Figure 7, the measurement beam 
92Y4 ceases to be incident on the reflective surface 85Y 
(serving as the movable mirror of the wafer stage WST2 ) at 
some point during this movement. Conversely, when the wafer 
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stage WST2 moves in the +X direction^ the measurement beam 
92Y3 ceases to be incident on the reflective surface 85Y at 
some point during this movement. In view of this, the 
transfer of measurement values must be performed at high 
precision between the interferometer 87Y4 and the 
interferometer 87Y3, and the measurement of the Y coordinate 
of the wafer stage WST2 must be performed with good 
reproducibility using one of these interferometers 87Y4 and 
87Y3. Consequently, the following approach is employed in 
this example. 

Figure 8 (a) is a plan view of the wafer stage WST2 in 
Figure 7. In Figure 8 (a), the displacement of the wafer 
stage WST2 in the X direction is measured by the X direction 
interferometer 87X5, while the displacement of the wafer stage 
WST2 in the Y direction is measured by the two interferometers 
87Y3 and 87Y4. The spacing DX2 in the X direction of the 
measurement beams 92Y3 and 92Y4 of the interferometers 87Y3 
and 87Y4 is narrower than the width DXl in the X direction of 
the reflective surface 85Y of the wafer stage WST2 . 

Here, the interferometers 87Y4 and 87Y3 in this example 
are heterodyne interference type laser interferometers, and a 
common two-frequency oscillating laser (such as a Zeeman 
effect type of He-Ne laser light source with a wavelength of 
633 nm) is used as the light source for the measurement beams. 
This two-frequency oscillating laser emits first and second 

68 



light fluxes having a specific frequency differential of Af 
(such as about 2 MHz) and whose polarization directions are 
mutually perpendicular as a coaxial heterodyne beam. First, 
this heterodyne beam is divided up into parts of about 1/10 
and mixed by an analyzer, and the resulting interference light 
is subjected to photoelectric conversion, which produces a 
reference signal SR of the frequency Af • This reference 
signal SR is supplied to a phase comparator 26 (see Figure 9) 
in each of the. interferometers 87Y4 and 87Y3. 

The first and second heterodyne beams obtained by 
splitting the above-mentioned heterodyne beam into parts of 
about 1/10 are supplied to the interferometers 87Y3 and 87Y4. 
The interferometer 87Y4 uses one of the two light fluxes, 
namely, the one whose polarization direction is perpendicular 
to the second heterodyne beam, as the measurement beam 92Y4, 
and uses the other one as a reference beam (not shown). The 
reference beam is reflected by a reference mirror (not shown). 
The reflected reference beam and the measurement beam 92Y4 
reflected by the reflective surface 85Y are mixed by an 
analyzer, and the resulting interference light is subjected to 
photoelectric conversion, which produces a measurement signal 
52 that has a frequency of Af and whose phase varies- This 
signal is supplied to the phase comparator 26 in Figure 9. 
The phase difference ^2 between the above-mentioned reference 



69 



signal SR and the measurement signal 32 is found at a specific 
resolution (such as 2ji/100 (rad), or 2ji/256 (rad)) and 
supplied to an integrator 27. 

Here, if we let X be the wavelength of the measurement 
beams 92Y3 and 92Y4 and m be an integer (l<m), the phase 
difference ^2 changes by 2% (rad) when the reflective surface 
85Y moves in the Y direction by X/m (m = 2 with a single pass 
method as in this example, but m = 4 with a double pass 
method). The range of the phase difference (j>2 is 0 :s <|)2 :s 2jt. 
The integrator 27 in Figure 9 adds 1 to a specific integer N2 
(corresponding to the degree of interference) when the phase 
difference ^2 crosses 2k in the positive direction, and 
subtracts 1 from this integer N2 when the phase difference (t)2 
crosses 0 in the negative direction. During measurement, the 
integrator 27 multiplies X/m by {Nl + (|)2/(2jc)>, and sends the 
resulting measurement value P2 to the stage controller 3 8 as 
the absolute position of the wafer stage WST2 in the Y 
direction. 

Similarly, with the interferometer 87Y3, the phase 
difference ^1 is found between the measurement signal Si 
obtained from the measurement beam 92Y3 and the above- 
mentioned reference signal SR, and an integer Nl that 
increases or decreases every time this phase difference ^1 
crosses 2jt or 0 and a measurement value Pi calculated from X/m 
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are sent to the stage controller 38. Specifically, the 
interferometers 87 Y3 and 87Y4 measure the position of the 
wafer stage WST2 in the Y direction as an absolute position 
within the width of k/m. The interferometer 87X5 of the X 
axis in this example comprises two laser beams separated in 
the Y direction as shown in Figure 6, so the angle of rotation 
ew2 of the wafer stage WST2 can be measured from the 
difference in the measurement values for the X coordinate of 
the reflective surface 85X produced by these two laser beams. 
In view of this, the integers N2 and Nl in the interferometers 
87Y4 and 87Y3 are first reset to zero in the "initial state" 
in which the wafer stage WST2 has been stopped so that the 
angle of rotation 0W2 will be zero in the state shown in 
Figure 8 (a), {l/(2jt)} (?^/m) is multiplied by the phase 
differences ^2 and ^1 measured above, and the resulting 
measurement values (initial values) P20 and PIO are 
incorporated into the stage controller 38. 

The offset of the measurement values of the 
interferometers 87Y4 and 87Y3 is set at -P20 and -PIO, 
respectively, by the stage controller 38, after which these 
offsets (-P20 and -PlO) are added to the measurement values P2 
and Pi supplied from the interferometers 87Y4 and 87Y3. These 
sums are termed the actual measurement values P2 ' and Pi' of 
the interferometers 87Y4 and 87Y3. Specifically, these 
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measurement values P2 • and PI' accurately express the amount 
of displacement of the wafer stage WST in the Y direction from 
the above-mentioned initial state. The initial values of 
these measurement values (P20 and PlO) are stored. 

In Figure 8 (a)^ the wafer stage WST2 then moves further 
in the -X direction until it reaches the position shown in 
Figure 8 (b). In Figure 8 (b), the measurement beam 92Y4 of 
the interferometer 87Y4 has diverged from the reflective 
surface 85Y serving as the movable mirror. In this state, the 
Y coordinate of the wafer stage WST2 is measured by the 
interferometer 87Y3. The wafer stage WST2 begins moving back 
from this state toward the position shown in Figure 8 (a) in 
the +X direction, and when the reflective surface 85Y enters 
the illumination range (measurement range) of the measurement 
beam 92Y4 of the interferometer 87Y4, the measurement value of 
the interferometer 87Y4 is set (preset) as follows. 

First, the angle of rotation 9W2 (a tiny amount (rad) 
substantially close to zero) of the wafer stage WST2 is 
measured by the measurement beam 92X5 (two laser beams) of the 
X axis interferometer 87X5. In this state, the measurement 
value PI of the Y coordinate is found for the interferometer 
87Y3 that uses the measurement beam 92Y3 in Figure 8 (a). 
This measurement value Pi is the direct measurement value 
prior to offset correction, however. Then, the stage 
controller 38, for example, finds an estimate of the fraction 



e2/(2jc) and the degree of interference N2 (N2 is an integer) 
for the interferometer 87Y4 from this measurement value Pi. 
This fraction e2 corresponds to the above-mentioned <t»2 . 

Specifically^ the operator in the stage controller 38 
calculates an estimate P2 ' of the measurement value P2 of the 
interferometer 87y4 before offset correction as follows from 
the spacing DX2 of the measurement beams 92Y3 and 92Y4, the 
measured angle of rotation ew2 of the wafer stage WST2, and 
the difference in the initial values of the measurement value 
PI of the interferometer 87Y3 and the measurement values of 
the interferometers 87Y4 and 87Y3 (= P20 - PlO). 

P2' = PI + DX2 • ew2 + (P20 - PlO) 
For example, when the measurement precision of the angle 
of rotation ew2 is high, this estimated value P2' may be 
preset directly as the current measurement value P2 of the 
interferometer 87Y4. However, the measurement value ew2 
includes a certain amount of measurement error, so the fact 
that the interferometer 87Y4 can measure the absolute position 
in units of width X/m is utilized, and the operator breaks 
down the indicated value P2 • into the integer component and 
the fraction component- Therefore, the remainder of N2 times 
the length X/m in the estimated value P2 ■ of the measurement 
value of the interferometer 87Y4 becomes the fraction e2/(2jt). 
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Specifically, the stage controller 38 calculates (estimates) 
the integer N2 and the fraction e2 as follows. 

N2 = g{P2'/(}i/m)} (1) 
82 = {P2'/(X/m) - N2} {2k) (2) 
Here, g{X} is a function that gives the maximum integer 
which does not exceed X. As will be discussed in detail below, 
the stage controller 38 determines the preset value of the 
integer (degree) N2 of the interferometer 87Y4 from the 
estimated degree of interference and fraction (N2 and e2 ) 
obtained from the measurement value PI, and the phase 
difference (absolute phase) <|)2 actually measured with the 
interferometer 87Y4 . 

Figure 9 shows part of the stage controller 38 and part 
of the interferometer 87Y4 in this example. As shown in 
Figure 9, the interferometer 87Y4 has a phase comparator 26 
into which are inputted, for example, the reference signal SR 
and measurement signal S2 (photoelectrically converted signal 
for the interference light between the measurement beam and 
the reference beam) outputted from the laser light source. 
The phase comparator 26 detects the phase difference (j)2 
between the reference signal SR and the measurement signal S2, 
and the detected phase difference ^2 is outputted to the 
integrator 27, and is also outputted to a calculation 
processor 28 in the stage controller 38. The other 
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interferometers are also equipped with their own phase 
comparator 26 and integrator 27. 

During measurement, the integrator 2 7 integrates the 
integer N2 from the change in the phase difference (j)2 as above, 
multiplies X/ra by {N2 + <t)2/(2at)}, and outputs the measurement 
value P2 thus obtained to the stage controller 38 as 
information indicating the amount of movement of a movable 
mirror (the reflective surface 85Y in this example). However, 
when the transfer of measurement values is carried out as it 
is here, the calculation processor 2 8 compares the phase 
difference <t)2 inputted from the phase comparator 26 with the 
estimated fraction e2 inputted from the above-mentioned 
operator. If the estimated value ^2 of the estimated phase 
difference is close to 2jt or 0 (zero), it is possible that the 
integer N2 indicating the estimated degree of interference 
will be outside the range of ±1, so this comparison is 
performed to verify this. The operation of this comparison 
will be described through reference to Figure 10. For the 
sake of convenience, the estimated value of N2 is given as the 
degree N in Figure 10. 

In Figures 10 (a) to (c), the horizontal axis is the 
phase difference between the reference signal and the 
measurement signal, and in particular illustrates the phase 
difference for ranges of degree of interference of k = N - 1, 
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k = N, and k = N + 1. The phase difference changes by 2ji 
within one degree. Figure 10 (a) illustrates a case in which 
the absolute value of the difference between the actual phase 
difference <j)2 and the estimated phase difference e2 is less 
than 31, or ( |(t)2 - s2 1 < Ji) . In this case, as seen in the 
figure, the actual phase difference ^2 is within the degree N, 
so the degree of interference is N as estimated, and the 
preset value W of the degree is equal to N. Figure 10 (b) 
illustrates a case in which the value obtained by subtracting 
the estimated phase difference e2 from the actual phase 
difference <t»2 is greater than jt (<t)2 - e2 > 3i) . In this case, 
as seen in the figure, the actual phase difference <t>2 is 
within the degree N - 1, so the preset value N' is equal to N 
- 1. Figure 10 (c) illustrates a case in which the value 
obtained by subtracting the estimated phase difference e2 from 
the actual phase difference <|)2 is less than -Jt {^2 - e2 < -it). 
In this case, as seen in the figure, the actual phase 
difference ^2 is within the degree N + 1, so the preset value 

N' is equal to N + 1 • 

The calculation processor 28 outputs the preset value N' 
determined as above as the preset value RE to the integrator 
27 in Figure 9. The integrator 27 sets the preset value RE 
(that is, N') as the preset value of the integer N2, 
calculates the Y coordinate measurement value P2 as follows 
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from the phase difference ^2 from the phase comparator 26 and 
the integer N' , supplies this value P2 to the stage controller 
38, and thereafter performs the ordinary measurement operation, 
P2 = (X/m) * N' + (X/m) {(|)2/(2j€)} (3) 

As a result, the measurement value P2 of the 
interferometer 87Y4 ends up returning substantially to the 
original value, and the measurement value of the 
interferometer 87Y3 is accurately transferred to the 
interferometer 87Y4. 

Thus, in this example, in setting the preset value for a 
first interferometer set up such that reflected light from a 
mirror surface is obtained again, a measurement value 
calculated from the measurement value of a second 
interferometer is utilized as an estimate for determining the 
degree of interference (Nl or N2) of the first interferometer, 
and the preset value of the degree of interference (Nl or N2 ) 
of this first interferometer, and in turn the preset value of 
the interferometer measurement value, are determined on the 
basis of the estimated degree of interference and the phase 
difference (absolute phase) ^ measured with this first 
interferometer. Here, the degree of interference Nl or N2 is 
unknown since the measurement beam temporarily diverges from 
the mirror surface, but because the degree of interference can 
be found by calculation from the measurement value of another 
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interferometer, the preset value for the interferometer can be 
set at the precision inherent in that interferometer. 

If measurement error should creep into all of the 
measurement values at the start-up of the device or for one 
reason or another, making it necessary to reset the 
measurement values for all of the interferometers, then in 
Figure 9 a degree of N2 = 0 must be sent to the calculation 
processor 28, and the output (preset value) RE(= 0) of the 
calculation processor 28 must be set in the integrator 27. In 
this case, just the value corresponding to the phase 
difference (absolute phase) <^2 ends up being set in the 
integrator 27 (the interferometer 87Y4). Similarly, the 
initial value of the interferometer 87Y3 corresponds to the 
phase difference <t»l . 

The output P2 of the integrator 27 may also be fed back 
to the calculation processor 28 as necessary. If it is, then 
after the integrator 27 is reset, for instance, even the 
amount of displacement of the wafer stage up to the point when 
the reset value is set from the calculation processor 28 to 
the integrator 27 can be set in the integrator 27 as a reset 
value. Here, since the reflected light from the wafer stage 
can be received, the initial setting can be more precise, 
taking into account the amount of displacement of the wafer 
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stage up to the point when the reset value RE is set in the 
integrator 27. 

Also, in this example, one of the measurement beams of 
the interferometers 87Y3 to 87Y5 must be directed at the side 
surface 85Y of the wafer stage WST2 during the movement of the 
wafer stage WST2 . Accordingly, in this example, the 
interferometers are laid out such that the spacing between the 
measurement beams (such as the spacing DX2 of the measurement 
beams 92Y3 and 92Y4 shown in Figure 8) will be shorter than 
the width DXl of the wafer stage WST2 in the X direction. 

The setting of the initial values (preset values) of the 
interferometers is performed in the same manner for the 
interferometers 83X1 to 83X5 that are used to measure the 
positions of the reticle stages RSTl and RST2 in Figure 6, and 
the transfer of measurement values is carried out on the basis 
of this setting. 

A heterodyne interference type of laser interferometer is 
used in this example, but it should go without saying that the 
present invention is also applicable to measurement by fringe 
count method using a homodyne interference type of laser 
interferometer . 

Next, with the projection exposure apparatus of this 
example, first and second conveyance systems for exchanging 
the wafers are provided between the wafer stages WSTl and WST2 . 
The first conveyance system, as shown in Figure 11, performs 
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wafer exchange as discussed below for the wafer stage WSTl at 
a wafer loading position on the left side. This first 
conveyance system comprises a first center-up 99 consisting of 
three vertically moving members provided on the wafer stage 
WSTl, and a first wafer loader including a first loading guide 
96A extending in the Y axis direction, first and second 
sliders 97A and 97C that move along this first loading guide 
96A, an unloading arm 98A attached to the first slider 97A, a 
loading arm 98C attached to the second slider 97C, and so 
forth . 

The operation of exchanging wafers with this first 
conveyance system will be briefly described. As shown in 
Figure 11, the description here is for a case in which a wafer 
Wl' on the wafer stage WSTl at the wafer unloading position on 
the left side is exchanged with a wafer Wl that has been 
conveyed by the first wafer loader. 

First, the main controller 90 turns off the vacuum 
chucking of the wafer holder (not shown) on the wafer stage 
WSTl to release the wafer Wl ' . Then, the main controller 90 
raises the first center-up 99 a specific amount via a center- 
up drive system (not shown). This lifts the wafer Wl ' up to 
the required height. In this state the main controller 90 
moves the unloading arm 98A directly under the wafer Wl ' by 
means of the wafer loading controller (not shown). In this 
state the main controller 90 lowers the first center-up 99 to 
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a specific position and transfers the wafer Wl ' to the 
unloading arm 98A, after which the vacuum chucking of the 
unloading arm 98A is commenced. Next^ the main controller 90 
sends the wafer loading controller a command to start 
retracting the unloading arm 98A and moving the loading arm 
98C. This starts the unloading arm 98A moving in the -Y 
direction in Figure 11, and when the loading arm 98C holding 
the wafer Wl is over the wafer stage WSTl, the vacuum chucking 
of the loading arm 98C by the wafer loading controller is 
released, and the first center-up 99 is then raised so that 
the wafer Wl is transferred onto the wafer stage WSTl. 

As shown in Figure 12, the second conveyance system, 
which transfers wafers to and from the wafer stage WST2, is 
symmetrical to the first conveyance system, and comprises a 
second loading guide 96B, third and fourth sliders 97B and 97D 
that move along this 96b, an unloading arm 98B attached to the 
third slider 97 B, a loading arm 98D attached to the fourth 
slider 97D, and so forth. The wafer W2 ' to be exposed next is 
held by the loading arm 98D. 

Parallel processing using the two wafer stages WSTl and 
WST2 of the projection exposure apparatus of this example will 
now be described through reference to Figures 11 and 12. 

Figure 11 is a plan view of the state in which wafer 
exchange is performed between the wafer stage WSTl and the 
first conveyance system as described above while the wafer W2 
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on the wafer stage WST2 is being exposed by the projection 
optical system PLl. In this case, an alignment operation is 
performed on the wafer stage WSTl as discussed below 
immediately after the wafer exchange. In Figure 11, the 
position of the wafer stage WST2 during the exposure operation 
is controlled on the basis of the measurement values of the 
measurement beams 92X5 and 92Y3 of the interferometer system, 
and the position of the wafer stage WSTl where the wafer 
exchange and alignment operations are being carried out is 
controlled on the basis of the measurement values of the 
measurement beams 92X2 and 92Y1 of the interferometer system. 
Accordingly, the main controller 90 in Figure 5 sends a 
command to the stage controller 3 8 to execute the initial 
setting (presetting) of the above-mentioned measurement values 
of the interferometers prior to the wafer exchange and 
alignment operations. 

Wafer exchange and the setting of the initial values of 
the interferometers are followed by search alignment. Search 
alignment performed after wafer exchange consists of 
prealignment that is performed again on the wafer stage WSTl 
because the positional error is still large with just the 
prealignment performed during the conveyance of the wafer Wl. 
in more specific terms, the positions of three search 
alignment marks (not shown) formed on the wafer Wl placed on 
the wafer stage WSTl are measured using the LSA sensors or th€ 
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like of the alignment system 88A in Figure 5, and the wafer Wl 
is positioned in the X, Y, and 6 directions on the basis of 
these measurement results. The operation of the various 
components in this search alignment is controlled by the main 
controller 90. 

Upon completion of this search alignment, fine alignment 
is performed, in which the layout of the various shot regions 
on the wafer Wl is determined, by EGA (Enhanced Global 
Alignment) in this case. More specifically, while managing 
the position of the wafer stage WSTl, the interferometer 
system (measurement beams 92X2 and 92Y1) use the FIA sensors 
or the like of the alignment system 88A in Figure 5 to measure 
the alignment mark positions of a specific shot region (sample 
shot) on the wafer Wl while also successively moving the wafer 
stage WSTl on the basis of the designed shot layout data 
(alignment mark position data), and all of the shot layout 
data are calculated by statistical computation by least 
squares method on the basis of this measurement result and the 
designed coordinate data for shot layout. The operation of 
the various components in this EGA fine alignment is 
controlled by the main controller 90, and the above-mentioned 
computation is performed by the main controller 90. 

While the wafer exchange and alignment operations are 
being performed on the wafer stage WSTl side, double exposure 
is performed on the wafer stage WST2 side by continuous step- 
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and-scan method using two reticles Rl and R2 and while varying 
the exposure conditions. 

In specific terms, fine alignment is carried out by EGA 
ahead of time just as on the wafer Wl side as discussed above, 
and the shot regions on the wafer W2 are successively moved 
under the optical axis of the projection optical system PLl on 
the basis of the shot layout data for the wafer W2 thus 
obtained, after which scanning exposure is performed by the 
synchronous scanning of the reticle stage RSTl (or RST2) and 
the wafer stage WST2 in Figure 6 in the scanning direction 
every time a shot region is exposed. This exposure of all the 
shot regions on the wafer W2 is carried out continuously, even 
after reticle exchange. The specific exposure procedure in 
double exposure is as follows. The various shot regions on 
the wafer W2 are successively subjected to scanning exposure 
using the reticle R2, after which the reticle stages RSTl and 
RST2 are moved a specific amount in the +Y direction to set 
the reticle Rl at the approach starting position, after which 
scanning exposure is performed. Here, the exposure conditions 
(the illumination conditions such as zonal illumination or 
deformation illumination, the amount of exposure light, etc.) 
are different for the reticle R2 and the reticle Rl, so the 
conditions must be altered ahead of time according to the 
exposure data and so forth. The operation of the various 
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components during this double exposure of the wafer W2 is also 
controlled by the main controller 90- 

When the above-mentioned exposure sequence and the wafer 
exchange and alignment sequence are performed in parallel on 
the two wafer stages WSTl and WST2 shown in Figure 11, the 
wafer stages, which are finished first, enter a stand-by state, 
and at the point when both operations are complete, the wafer 
stages WSTl and WST2 are moved to the position shown in Figure 
12. Wafer W2, which has undergone the exposure sequence on 
the wafer stage WST2, is exchanged for another wafer at the 
loading position on the right side, and the wafer Wl, which 
has undergone the alignment sequence on the wafer stage WSTl, 
is subjected to the exposure sequence under the projection 
optical system PLl. The above-mentioned wafer exchange 
operation and alignment sequence are carried out at the 
loading position on the right side in Figure 12 in the same 
manner as at the loading position on the left side. 

Thus, in this example, while the two wafer stages WSTl 
and WST2 are independently moved two-dimensionally , the wafers 
Wl and W2 on these wafer stages are subjected to the exposure 
sequence and the wafer exchange and alignment sequence in 
parallel, and this increases throughput. However, when two 
wafer stages are used to perform two operations in parallel, 
the operations conducted on one of the wafer stages can 
sometimes become a source of disturbance and affect the 
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operations conducted on the other wafer stage. On the other 
hand, there are also operations conducted on one of the wafer 
stages that do not affect the operations conducted on the 
other wafer stage. In view of this, in this example, the 
operations that are performed in parallel are divided into 
operations that become a source of disturbance and operations 
that do not, and the various operations are timed so that 
operations that become a source of disturbance, or operations 
that do not become a source of disturbance, are performed at 
the same time. 

For instance, during scanning exposure, in addition to 
ensuring that the synchronous scanning of the wafer Wl and the 
reticles Rl and R2 at the same speed does not become a source 
of disturbance, every effort must also be made to eliminate 
other sources of disturbance. Accordingly, the scanning 
exposure over one of the wafer stages WSTl is timed so that 
the alignment sequence performed on the wafer W2 of the other 
wafer stage WST2 will be in a stationary state during this 
period. Specifically, measurement in the alignment sequence 
is performed with the wafer stage WST2 stationary, so it is 
not a source of disturbance for the scanning exposure, 
allowing mark measurement to be performed in parallel during 
scanning exposure. Meanwhile, the alignment sequence involves 
uniform motion during scanning exposure, so there is no 
disturbance and high-precision measurement is possible. 
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The same is possible during wafer exchange. In 
particular, vibration and the like produced when a wafer is 
transferred from a loading arm to a center-up can become a 
source of disturbance, so the transfer of wafers may be 
matched to the acceleration and deceleration (which are 
sources of disturbance) before scanning exposure or before and 
after synchronous scanning. This timing is performed by the 
main controller 90. 

Furthermore, in this example higher resolution and 
greater DOF (depth of focus) are obtained because double 
exposure is performed using a plurality of reticles. This 
double exposure method, however, requires that the exposure 
step be repeated at least two times, so when a single wafer 
stage is used, there is a marked drop in throughput because 
exposure takes longer. Using a projection exposure apparatus 
equipped with two wafer stages as in this example, however, 
greatly improves throughput, and higher resolution and greater 
DOF (depth of focus) are also achieved. 

The scope of the present invention is not limited to this, 
and the present invention can also be applied favorably when 
exposure is effected by single exposure method. Using two 
wafer stages allows the throughput to be nearly doubled over 
that when single exposure is performed using just one wafer 
stage. 



87 



In this second embodiment, a measurement stage for 
measuring the state of the exposure light or the imaging 
characteristics may be further provided as in the first 
embodiment. In this example the wafer stages are driven by a 
combination of one-dimensional motors, but they may also be 
driven two-dimensionally by a planar motor as in the first 
embodiment . 

The projection exposure apparatus of this embodiment can 
be manufactured by assembling the reticle stages RST (RSTl and 
RST2) and the wafer stages WST (WSTl and WST2), which consist 
of numerous mechanical parts, optically adjusting the 
projection optical system PL (PLl), which is made up of a 
plurality of lenses, and then making overall adjustments 
(electrical adjustments, operation checks, etc,)* 

The projection exposure apparatus is preferably 
manufactured in a clean room where temperature, cleanliness, 
and so forth are managed. 

In the above embodiments the present invention was 
applied to a step-and-scan type of projection exposure 
apparatus, but the present invention is not limited to this, 
and can be similarly applied to a step-and-repeat type of 
projection exposure apparatus, a proximity type of exposure 
apparatus, an exposure apparatus in which EUV light such as X 
rays is used as the exposure beam, or a charged particle beam 
exposure apparatus in which an electron beam (energy beam) is 
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used as the light source (energy beam). Nor is the invention 
limited to an exposure apparatus, and an inspection apparatus, 
repair apparatus, or the like that uses stages to position 
wafers or the like may be used instead. 

Applications of the exposure apparatus are not limited to 
an exposure apparatus used for manufacturing semiconductors, 
and the present invention can be applied to a wide range of 
apparatus, such as a liquid crystal exposure apparatus for 
exposing a square glass plate in a liquid crystal display 
element pattern, or an exposure apparatus for manufacturing 
thin film magnetic heads - 

Also, when linear motors are used for the wafer stages or 
reticle stages, the movable stages may be supported by any 
method, such as air levitation using air bearings, or magnetic 
levitation. The repulsive force generated by the movement of 
the wafer stage here, for example, may be mechanically 
diverted to the floor (ground) using a frame member as 
discussed in Japanese Patent Application Laid-Open No. 8-166475 
(USP 5,528,118). Meanwhile, the repulsive force generated by 
the movement of the reticle stage may be mechanically diverted 
to the floor (ground) using a frame member as discussed in 
Japanese Patent Application Laid-Open No. 8-330224 (US Patent 
application No. 08/416 , 558 ) . These repulsive forces may also 
be canceled out by a counterbalance system using the law of 
conservation of momentum. 
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When a semiconductor device is manufactured on a wafer 
using the exposure apparatus in one of the above embodiments, 
this semiconductor device is manufactured by a method 
including a step in which the functions and performance of the 
device are designed, a step in which a reticle is manufactured 
on the basis of the first step, a step in which a wafer is 
fabricated from a silicon material, a step in which the wafer 
is exposed in the pattern of the reticle with the exposure 
apparatus in one of the above embodiments, a device assembly 
step (including die sinking, bonding, and packaging), an 
inspection step, and so forth. 

Finally, the present invention is not limited to the 
above embodiments, and can of course have a variety of 
structures without exceeding the essence of the present 
invention. Also, all of the contents disclosed in Japanese 
Patent Application 9-364493, filed on December 18, 1997, and 
Japanese Patent Application 10-339789, filed on November 30, 
1998, including the Specification, Claims, Drawings, and 
Abstract, are quoted essentially verbatim and are incorporated 
hereinto by reference. 

With the first stage device of the present invention, a 
movable stage is provided for each individual function or for 
each of a specific plurality of function groups, which allows 
each movable stage to be more compact and to be driven faster 
and more precisely. Also, a plurality of movable stages can 
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each be moved over a range larger than the measurement range 
of a first measurement system, and when each movable stage 
enters the measurement range of this first measurement system, 
the position of that movable stage can be measured by the 
first measurement system at high precision and with good 
reproducibility • 

With the second stage device of the present invention, 
the positions of a plurality of movable stages can be measured 
over a wide measurement range, at high precision, and with 
good reproducibility. Throughput is also increased because 
the positions of the movable stages can be measured at high 
precision by the first measurement system merely by matching 
the measurement result of the first measurement system to the 
measurement result of the second measurement system- 

The first exposure apparatus of the present invention is 
equipped with the stage device of the present invention, so 
when the position of the movable stage thereof is measured by 
an interferometer, for example, the movable mirror can be made 
smaller than the range of movement of this movable stage, and 
the weight of this movable stage can be reduced. It is 
therefore easier to move this movable stage at high speed, 
exposure can be performed at a high throughput using a double 
exposure method or the like, and better resolution and depth 
of focus can be achieved. 
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with the second exposure apparatus of the present 
invention, only the minimum functions required for exposure 
are given to a first movable stage that is used for the 
original purpose of exposure, and this allows the size of this 
first movable stage to be kept to the required minimum, so the 
stage can be more compact and lightweight, and throughput is 
increased. Meanwhile, characteristic measurement apparatus 
for measuring the characteristics in the transfer of the mask 
pattern, which are not directly required for exposure, are 
mounted on a second movable stage, allowing characteristics to 
be measured in the transfer of the mask pattern* Also, 
because this exposure apparatus is equipped with the stage 
device of the present invention, the positions of its 
plurality of movable stages can be measured at high precision. 

With the third exposure apparatus of the present 
invention, one of a plurality of movable stages can be used to 
perform an exposure operation while another movable stage 
handles the conveyance and alignment of the substrates, which 
increases throughput. 

With the fourth exposure apparatus of the present 
invention, only the minimum functions required for exposure 
are given to a first movable stage that is used for the 
original purpose of exposure, and this allows this first 
movable stage to be more compact and lightweight, and 
throughput is increased. Meanwhile, characteristic 
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measurement apparatus for measuring the imaging 
characteristics of the projection optical system, which are 
not directly required for exposure, are mounted on a second 
movable stage, allowing imaging characteristics to be measured. 

With the first positioning method of the present 
invention, the positions of a plurality of movable stages are 
measured and the stages positioned quickly and at high 
precision. Similarly, with the second positioning method of 
the present invention, the positions of a plurality of movable 
stages are measured and the stages positioned quickly and at 
high precision. 

With the third stage device of the present invention, 
positions can be measured at high precision by interferometer 
method over a range that is wider than the width of the 
movable mirror (or an equivalent mirror surface), and as a 
result, the moving components (movable stages) can be more 
compact. An exposure apparatus equipped with this third stage 
device can drive a movable stage at a high speed, so the 
throughput of the exposure step is increased. 

A method for manufacturing a device using the above- 
mentioned exposure apparatus of the present invention allows a 
high-function semiconductor device or the like to be mass 
produced at a high throughput. 
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What is claimed is: 

1. A stage device, comprising: 

a plurality of movable stages disposed on a certain 
movement plane so as to be movable independently of each 
other; 

a first measurement system which measures within a 
predetermined measurement range a position of one of the 
plurality of movable stages; and 

a second measurement system which measures an amount of 
positional deviation of each of the plurality of movable 
stages from a predetermined reference position within the 
predetermined measurement range, or a degree of coincidence of 
each of the plurality of movable stages with respect to the 
reference position; 

wherein a measurement value obtained with the first 
measurement system is corrected on the basis of a measurement 
result of the second measurement system. 

2. A stage device, comprising: 

a plurality of movable stages disposed in a certain 
movement plane so as to be movable independently of each 
other; 
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a first measurement system which measures within a first 
measurement range a position of one of the plurality of 
movable stages; 

a second measurement system which continuously measuring 
positions of the plurality of movable stages within a second 
measurement range partially overlapping the first measurement 
range; and 

a control system which corrects the measurement results 
of the first and second measurement systems on the basis of 
the measurement results of these two measurement systems, 

3. The stage device according to Claim 2, wherein the 
first measurement system is an interferometer^ and the second 
measurement system is a plurality of interferometers which 
have successively and partially overlapping ranges of 
measurement . 

4 . An exposure apparatus provided with the stage device 
according to Claim 1, wherein masks on which mutually 
different patterns are formed are placed on the plurality of 
movable stages of the stage device, and the patterns of the 
mask on the plurality of movable stages are alternately 
transferred onto a substrate while being positioned. 
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5. An exposure apparatus provided with the stage device 
according to Claim 1, wherein a mask is placed on a first 
movable stage among the plurality of movable stages of the 
stage device , a characteristic measurement apparatus which 
measures characteristics in transfer of a pattern of the mask 
is placed on the second movable stage ^ and the pattern of the 
mask is transferred onto a substrate. 

6 • An exposure apparatus provided with the stage device 
according to Claim 1, wherein a substrate is placed on each of 
the plurality of movable stages of the stage device, and the 
plurality of substrates are alternately exposed with mask 
patterns while the plurality of movable stages are alternately 
positioned at a exposure position. 

7 . An exposure apparatus provided with the stage device 
according to Claim 1 and a projection optical system, 

wherein a substrate is placed on the first movable stage 
of the plurality of movable stages of the stage device, a 
characteristic measurement apparatus which measures imaging 
characteristics of the projection optical system is placed on 
the second movable stage, and the substrate on the first 
movable stage is exposed with a mask pattern via the 
projection optical system. 
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8. A positioning method that makes use of the stage 
device according to Claim 1, wherein when one of the plurality 
of movable stages enters the measurement range of the first 
measurement system, the amount of positional deviation of the 
one movable stage from the reference position within the 
measurement range, or the degree of coincidence of the one 
movable stage with respect to this reference position, is 
measured by the second measurement system, and a measurement 
value obtained with the first measurement system is corrected 
on the basis of a measurement result of the second measurement 
system. 

9. A positioning method that makes use of the stage 
device according to Claim 2, wherein when one of the plurality 
of movable stages enters the first measurement range from the 
second measurement range, the position of the one movable 
stage is simultaneously measured by the first and second 
measurement systems, and a measurement result of the first 
measurement system is matched on the basis of the measurement 
result of the position to a measurement result of the second 
measurement system. 

10. A stage device comprising a movable stage that is 
movable at a predetermined degree of freedom; 
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an interferometer system which measures an amount of 
displacement of the movable stage by directing a measurement 
light at the movable stage and causing a reflected light 
thereof to interfere with a reference lights wherein the 
interferometer system has a plurality of measurement axes of 
the measurement light and is disposed such that even if one of 
the plurality of measurement axes diverges from the movable 
stage, the amount of displacement can still be measured by 
another measurement axis; and 

a signal processing system with which, when the one 
measurement axis changes from the state of diverging from the 
movable stage to a state of irradiating the movable stage, a 
degree of interference of the one measurement axis is 
estimated from a measurement result for the another 
measurement axis, and an initial value of the one measurement 
axis is set on the basis of the estimated degree of 
interference and a phase measured with the one measurement 
axis . 

11. The stage device according to Claim 10, wherein the 
interferometer system measures the amount of displacement of 
the movable stage in the form of f(X){N + <|)/(2jt)} with each of 
the plurality of measurement axes, where f(X) is a function of 
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the wavelength X of the measurement light, N is an integer 
indicating the degree of interference, and (j) is the phase. 

12. The stage device according to Claim 10 or 11, 
wherein the interferometer system further has a plurality of 
measurement axes adjacent to each other, which measure an 
angle of rotation of the movable stage. 

13. The stage device according to Claim 10, 11, or 12, 
wherein the interferometer system is a heterodyne interference 
type of laser interferometer. 

14. A positioning method that makes use of the stage 
device according to any of Claims 10 to 13, comprising: 

estimating the phase of the one measurement axis from the 
measurement values of the another measurement axis in the 
estimation of the degree of interference of the one 
measurement axis from the measurement values of the other 
measurement axis ; 

comparing the estimated phase to the phase measured for 
the one measurement axis; and 

correcting the degree of interference of the one 
measurement axis on the basis of this comparison result. 
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15. An exposure apparatus provided with the stage device 
according to Claim 10, which transfers a mask pattern onto a 
substrate, wherein the stage device is used to position the 
mask or the substrate • 

16. A method which manufactures a device using the 
exposure apparatus according to Claim 4, including a step of 
transferring a mask pattern onto a substrate using the 
exposure apparatus. 

17. An exposure apparatus provided with the stage device 
according to Claim 2, wherein masks on which mutually 
different patterns are formed are placed on the plurality of 
movable stages of the stage device, and the patterns of the 
mask on the plurality of movable stages are alternately 
transferred onto a substrate while being positioned. 

18. An exposure apparatus provided with the stage device 
according to Claim 2, wherein a mask is placed on a first 
movable stage among the plurality of movable stages of the 
stage device, a characteristic measurement apparatus which 
measures characteristics in transfer of a pattern of the mask 
is placed on the second movable stage, and the pattern of the 
mask is transferred onto a substrate. 
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19. An exposure apparatus provided with the stage device 
according to Claim 2, wherein a substrate is placed on each of 
the plurality of movable stages of the stage device, and the 
plurality of substrates are alternately exposed with mask 
patterns while the plurality of movable stages are alternately 
positioned at a exposure position. 

20. An exposure apparatus provided with the stage device 
according to Claim 2 and a projection optical system, 

wherein a substrate is placed on the first movable stage 
of the plurality of movable stages of the stage device, a 
characteristic measurement apparatus which measures imaging 
characteristics of the projection optical system is placed on 
the second movable stage, and the substrate on the first 
movable stage is exposed with a mask pattern via the 
projection optical system. 

21. A method which manufactures a device using the 
exposure apparatus according to Claim 5, including a step of 
transferring a mask pattern onto a substrate using the 
exposure apparatus . 

22. A method which manufactures a device using the 
exposure apparatus according to Claim 6, including a step of 
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transferring a mask pattern onto a substrate using the 
exposure apparatus. 



23. A method which manufactures a device using the 
exposure apparatus according to Claim 7, including a step of 
transferring a mask pattern onto a substrate using the 
exposure apparatus • 

24. A method which manufactures a device using the 
exposure apparatus according to Claim 15, including a step of 
transferring a mask pattern onto a substrate using the 
exposure apparatus . 

25. A method which manufactures a device using the 
exposure apparatus according to Claim 11, including a step of 
transferring a mask pattern onto a substrate using the 
exposure apparatus. 

26. A method which manufactures a device using the 
exposure apparatus according to Claim 18, including a step of 
transferring a mask pattern onto a substrate using the 
exposure apparatus. 

27. A method which manufactures a device using the 
exposure apparatus according to Claim 19, including a step of 

102 



transferring a mask pattern onto a substrate using the 
exposure apparatus . 
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ABSTRACT 



A Stage device suitable for exposure apparatus used to 
produce semiconductor devices, is movable in an area wider 
than the measurement area of interferometer for position 
measurement, and is capable of measuring the position with 
high precision. When a movable stage moves from the position 
where the laser beams from laser interferometers are not 
applied into the measurement area of the laser interferometer, 
the position of reference mark is measured by a wafer 
alignment sensor, and the measurement value measured by the 
laser interferometer is corrected based on the results of the 
measurement by the wafer alignment sensor. When another 
movable stage enters the measurement area of the laser 
interferometer, the position of the reference mark is 
similarly measured by a wafer alignment sensor, and the 
measurement value measured by the laser interferometer is 
corrected based on the results of the measurement by the wafer 
alignment sensor. 



104 



F I G. 1 




F I G. 2 




F I G. 3 




F I G. 4 




F I G. 5 




F I G. 6 



83Y3 83Y4 




F I G. 7 




Cv3 



to 



CVJ 




o 

in 
^0 
w 
m 
a 
o 

O 

m 
I- 
IJ1 
o 
o 



CO 



cei: 



CO 

CO 

OO 

CVJ 



CD 




T 



CO 



cvi 

CO 



F I G. 1 0 
(a)|0 2 



s 2\ <n 



ct>2 



s2 





















1 

l-< 












1 

r 




^ 


1 

^T-* 


^ 



k = N-1 



(b)0 2-£ 2>7r 



k=:N * k=N+1 



02 



,^2 

i_ 



■■ >i - < 



; ^ k = N-1 ^ k = N ' ' k=N + 1 

02 



1 i 
1 1 

1 1 


s2i 

i 


1 

\i 1 




























1 









k = N-1 



k=N 



k=N+1 



F I G. 1 1 





Docket No.: 106514 



DECLARATION AND POWER OF ATTORNEY 
FOR CONTINUATION OF PCT APPLICATION 

As a below named inventor, I hereby declare that: 

my residence, post office address and citizenship are as stated below next to my name; 

I verily believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

STAGE DEVICE AND EXPOSURE APPARATUS 

described and claimed in the specification: 
Check one 

* a. (3 attached hereto, 
b. □ filed on as Application Serial No. 

This application discloses and claims subject matter disclosed in my or our earlier filed pending application. International 
Application No. fct/jP98/05705 ^ fiied Pecember 17, 1998 , benefit of the filing date of which is claimed under 35 U.S.C. §120. 

I have reviewed and understand the contents of this application, including the claims, as amended by any amendment 
referred to above. 

I acknowledge the duty to disclose to the Office all information known to me to be material to patentability as defined in 
Title 37, Code of Federal Regulations §1.56. 

Under Title 35, U.S. Code § 1 19, the priority benefits of the following foreign application(s) filed by me or my legal 
representatives or assigns within one year prior to said international application are hereby claimed: 

Japanese Patent Application No. 9-364493 filed on December 18, 1997 

Japanese Patent Application No. 10-339789 filed on November 30, 1998 

The following application(s) for patent or inventor's certificate on this invention were filed in countries foreign to the 
United States of America either (a) more than one year prior to said international application, or (b) before the filing date of the 
above-named foreign priority application(s) 



I hereby appoint the following as my attomeys of record with full power of substitution and revocation to prosecute this 
application and to transact all business in the Patent Office: 

James A. Oliff, Reg. No. 27,075; William P. Berridge, Reg. No. 30,024; 
Kirk M. Hudson, Reg. No. 27,562; Thomas J. Pardini, Reg. No. 30,411; 
Edward P. Walker, Reg. No. 31,450; Robert A. MiUer, Reg. No. 32,771; 
Mario A. Costantino, Reg. No. 33,565; Caroline D. Dennison, Reg. No. 34,494; 
Stephen J. Roe, Reg. No. 34,463. 



ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO OLIFF & 
BERRIDGE, PLC, P.O. BOX 19928, ALEXANDRIA, VIRGINIA 22320, TELEPHONE (703) 836-6400. 

I hereby declare that I have reviewed and understand the contents of this Declaration, and that all statements made herein 
of my own knowledge are true and that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 



Typewritten Full Name 
of Sole or First Inventor 

Inventor's Signature 
Date of Signature 

Residence: 



Citizenship: Japanese 



Tetisuo 




T a TJ T CTT r* W T 
L t\v\ X vj w v_,n X 


Given Name 


Middle Initial 


Family Name 




7 , 




. Month 


Day 


Year 
JAPAN 


City ^ 


State or Province 


Country 



Post Office Address: 
(Insert complete mailing 
address, including country) 

Typewritten Full Name 
of Joint Inventor 



c/o NIKON CORPORATION 



2-3, Marunouchi 3-chome, Chiyoda-ku, Tokyo 
100-8331 JAPAN 



Saburo 



KAMIYA 



Inventor's Signature: 
Date of Signature: 

Residence: 



Given Name 



Middle Initial 



7 



Family Name 



Zooo 



Citizenship: 



City 



Month 



Day 

Sattgy^ — ken 



Year 
JAPAN 



State or Province 



Country 



Japanese 



Post Office Address: 
(Insert complete mailing 
address, including country) 

Typewritten Full Name 



c/o NIKON CORPORATION 



2-3, Marunouchi 3-chome, Chiyoda-ku, Tokyo 
100-8331 JAPAN 









Given Name 


Middle Initial 


Family Name 


2 


Inventor's Signature: 










3 


Date of Signature: 
















Month 


Day 


Year 




Residence: 












Citizenship: 


City 




State or Proviace 


Country 




Post Office Address: 












(Insert complete mailing 
address, includmg country) 










1 


Typewritten Full Name 
of Joint Inventor 
















Given Name 


Middle Initial 


Family Name 


2 


Inventor's Signature: 










3 


Date of Signature: 
















Month 


Day 


Year 




Residence: 












Citizenship: 


City 




State or Province 


Country 




Post Office Address: 












(Insert complete mailing 
address, including country) 










1 


Typewritten Full Name 
Joint Inventor 
















Given Name 


Middle Initial 


Family Name 


2 


Inventor's Signature: 










3 


Date of Signature: 
















Month 


Day 


Year 




Residence: 














City 




State or Province 


Coimtry 




Citizenship: 











Post Office Address: 
(Insert complete mailing 
address, including country) 



*If Box a. is checked, this form may be executed only when attached to the specification (including claims) at the end thereof. This form 
may be executed only when attached to the first page of the Declaration and Power of Attorney of the application to which it pertains. 
Note to Inventor: Please sign name on line 2 exactly as it appears in line 1 and insert the actual date of signing on line 3. 



